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This analytic investigation shows how the EWEC device, as 
used for sol ar-to-el ectri c power conversion, is significantly 
different from solar cells, with respect to principles of opera- 
tion. An optimistic estimate of efficiency is about 80% for a 
full-wave rectifying configuration with solar radiation normally 
incident. This compares favorably with the theoretical maximum 

j 

for a CdTe solar cell (23.5%), as well as with the efficiencies: 
of more familiar cells: Si (19.5%), InP (21.5%), and GaAs (23%). 

The investigation also identifies some key technological 
issues that must be resolved before the EWEC device can be 
realized. Those issues include: the fabrication of a pn semi- 

conductor junction with no permittivity resonances in the optical 
band; and the efficient channeling of the power received by 
countless microscopic horn antennas through a relatively few 
number of wires. 



2 . Introduction 

The EWEC (Electromagnetic Wave Energy Conversion) device 
has been proposed by Bailey et a1 [1] as a means to convert 
radio waves in the optical band to either d.c. electric or to 
thermal power. Of chief interest is that the device may be 
significantly more efficient than the solar cell for converting 
solar radiation to electric power. For example, the best CdTe 
solar cell is theoretically about 23.5 % efficient [ 2 ] . Bailey 
estimates that the EWEC may be more than 50 % efficient. This 
report describes an analytic investigation to determine as 
rigorously as possible the precise efficiency of the EWEC device. 



Principles, of Operation 

The chief component of the EWEC device is a corrugated sur- 
face as shown in Fig. 3.1. Each corrugation comes to a point 
so that there will be no scattering from a flat surface when 
solar radiation is incident from directly overhead (normal 
incidence). Only a two-dimensional cross section is shown. In 
actual fact, the corrugations may be tetrahedrons or cones. In 
any case, the dimensions are on the order of an optical wavelength, 
which ranges from 0.1 micron for ultraviolet to 1 micron for 
infrared. For example, the length of the taper J. might be 
10 wavelengths, and the half-angle of the taper might be 
chosen so that the aperture (distance between peaks) is no more 
than a few wavelengths. With that choice of dimensions, each 
trough may be regarded as a horn antenna. 

Fig. 3.1 also shows two different possible polarizations for 
the incident optical radio wave, TE or TM. On the average, non- 
polarized light consists of equal parts TE and TM waves. The 
distinction is not important for the production of thermal power, 
but it is very important for the production of electric power. 

If the device is used for thermal power production, then the 
corrugations are fabricated from lossy material. As the waves 
propagate into the horns they deliver power to the walls. The 
walls in turn dissipate the energy as heat. 

The production of electric power is more complicated and was 

1 

of‘ chief concern in this study. The evolution of a suitable EWEC 
device is illustrated in Fig. 3.2. The figure shows how a wire 
dipole antenna is deformed into an antenna with two isosceles tri- 
angles for arms. The antenna is terminated with a half-wave recti- 
fying circuit. Fig. 3.3 takes the evolution a step further by 
i nporporati ng the diode into the antenna arms, which are then made 
of semiconducting material. Also shown is the equivaleht-.; circuit. 
This circuit has a maximum theoretical efficiency of 40. 6 % [3], 

The efficiency may be exactly doubled (to 81.2 %y by fabri- 
cating a full-wave rectifying circuit, as shown ip Fig. S.4. 

Whether or not the full efficiency allowed by circuit theory 
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is obtained depends upon how well the horn antennas can capture 
the incident radio waves and transfrom them into useful waveguide 
inodes. Calculations in Appendix B show that for a wide variety 
of materials, the horns are efficient 1 i ke cos^Q , where 0 is the 
angle of incidence for the optical radio wave. Thus, for normally 
incident waves, the horns may be 100 % efficient. This efficiency 
does not depend critically upon size. Indeed, for TM waves, 
efficiency remains great even for very small half-angles of the 
taper ( i . e . closely spaced corrugations.) Intuitively, this 
seems correct because the fundamental TM mode in a dielectric 
waveguide has no cutoff frequency and the horn may be regarded 
as a gently tapered waveguide. For TE waves, however, the efficiency 
vanishes for small half-angles. Again, this agrees with intuition. 

The distinction between TE and TM waves is significant because 
the former are not as useful as the latter in the production of 
eiectric power. Both Figs. 3.3 and 3.4 show how TM waves excite 
ciurrents I that flow in and out of the pn junction. TE waves 
w'ill not excite currents with that direction of flow. Fortunately, 
referring back to Fig. 3.1, it is seen how a TE wave in the xy- ' 
Pjlane is similar to a TM wave in the yz-plane. Thus, an EWEC 
surface with corrugations in both the x and z directions ( e . q . 
tetrahedrons or cones) may exploit the TM and TE polarizations 
simultaneously. 



Fig. 3.1 


Profile of an EWEC surface. How the corrugations^ are joined at the^base 
depends upon whether thermal or electric power production is desired. 


Fig. 3.3. Section of the EWEC surface similar to Fig. 3.2d, but 

with the diode incorporated into one of the corrugations 
Also shown (b) is the equivalent circuit, which has 
a maximum theoretical efficiency of 40.6%. 












4 . Answers to Sped f i c Cri ti ci sms of the EWE'C Devi ce 

This section will answer three specific criticisms against 
the EWEC device. The criticisms will be stated and discussed 
one by one. 

• Fabrication of an EWEC device from semiconducting 
material is not practical because the dimensions must be on the 
order of interatomic distances. 

DISCUSSION: A simple comparison of numbers dispels this 

O O 

claim. Interatomic spacings for Si and Ge are 5.4 A and 5.7 A, 
respecti vely ■ In contrast, the wavelengths for ultraviolet 

9 O 

and infrared radio waves are 1000 A and 10,000 A, respectively. 

A different dimension characteristic of semiconductor pn 
junctions warrants more serious Investigation, however. That 
dimension is the width of the space charge layer, which comprises 
the junction. It is given by the formula [4j : 



where = dielectric constant of the semiconductor = 10 

- 19 

^ = electronic charge = 1.6 x 10 coulomb 

= acceptor doping density of p-type materials ^ 

22 3 

10 atoms/m 

A/ 22 

= donor doping density of n-type material — 10 

atoms/m^ 

= potential difference across junction 1 volt 

Evaluation of this formula yields 0.15 micron, which is 

longer than an ultraviolet wavelength. It is not clear whether 
the formu/la is valid at optical frequencies, however, or whether 
the dopi ng dens i ti es can be altered to decrease tv . These are 


i 


important questions for a future investigation. 


• The EWEC device is nothing more than a solar cell, 
and so it cannot be any more efficient. 


f 

£■ 
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DISCUSSION: How the EWEC device is significantly different 

from the solar cell is contained concisely in the formula for 
refractive index as a function of frequency [5] : 


where 


n = 


9m 

UJ 
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Cu +• 


. y a/ 






(4.2) 


= plasma frequency 
= oscillator strength 
= mth resonance 

= phenomenological damping factor 
= 2 X frequency 

= fT 


The refractive index is related to the complex permittivity of the 
semiconducting material by the formula, ' 




= 


(4.3) 


Of chief interest in Eq. 4.2 is the difference . This 

causes the permittivity to behave as shown in Fig. 4.1. Thus, 
at frequencies near the semiconducting material exhibits 

substantially changed properties that are the distinction between 
an electronic diode and a solar cell. It happens that most 
familiar semiconducting materials have resonances in the 

optical band because: 
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I 



II 

' j. (4.4) 

where 

^ = Planck's constant/2'^ 



=* energy difference between a freely 
electron and a valence electron 

conducti ng 


That is why conventional semiconductors become solar cells at 
optical frequencies, with the associated limitations in efficiency. 
In contrast, the EWEC device will be fabricated from semiconducting 
material with resonances outside the optical band. The search for 
candidate materials should be the subject for future study. 


• White light is incoherent, so the EWEC surface has no 
gain and thus cannot capture any incident energy. 

DISCUSSION: That white light is incoherent means that each 

horn antenna of the EWEC surface must operate independently. The 
signals received by the horns cannot be phase and/or amplitude 
weighted and then combined so as to form the response of a single 
antenna of extraordinary gain. This is because there is no known 
phase or amplitude relationship among the different signals received. 
Each horn is still capable of extracting power separately from the 
incident radio wave, however, and the powers from each horn are 
added to obtain the total power received by the EWEC surface. 
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Fig. 4.1. The refractive index is not constant but a function 
of frequency, with resonances as shown here. Most 
familiar semiconductors have resonances at optical 
frequencies which is why they behave as solar cells 
instead of electronic diodes. ^ 


Remain i ng Tasks 

This study has verified that a corrugated surface can efficiently 
capture incident optical radio waves. Before the EWEC device can 
be accepted as a viable means of sol ar-to-el ectri c power conver- 
sion, however, the following questions must be resolved: 

Are semiconducting materials without resonances in 
permittivity at optical frequencies realizable? V 

i|',' 

I 

Can a pn junction with a space charge layer smaller / 
than an optical wavelength be realized? 

• How can the rectified power output from each micro- 
scopic horn antenna be efficiently channeled through 
a relatively few number of wires? 

These additional questions follow, once the EWEG device i s 
accepted as feasible: 

• Can the EWEC device be extended for use outside the 
visible spectrum? What are the upper and lower limits? 

• Can the dimensions of the corrugations be optimized? 

By what criteria? 
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Apoendi x Formulation of the El ectromaoneti c Fields at an 
EWEC Surface . 

This section outlines a detailed formulation of the electro- 

[ 

magnetic fields at the EWEC surface. Discussion of these fields 
will provide insight into the operation. of the EWEC device. 

I Fig. A.l shows a profile of the surface. The corrugations 

a;re isosceles triangles. Other triangles might be used, but 

i 

the mathematical analysis becomes more difficult. The most 
important feature is that the corrugations come to sharp points, 
ijf the tips were instead blunt, then they would be flat-plate 
sjcatterers for the incident electromagnetic wave, and thus decrease 
t:he efficiency of the surface as a receiver or absorber. The 
figure also shows the two possible independent polarizations for 
the incident wave, TE (transverse electrice) or TM (transverse 
magnetic). 

I Fig. A. 2 shows the trough between two corrugations and the 
g|eometric parameters important to the analysis, including the 
a'ngle of incidence for the electromagnetic wave. Also shown are 
the constants that characterize the material from which the sur- 
face is fabricated. 

The types of waves that may exist at the EWEC surface are 
shown in Fig. A. 3. The incident wave excites scattered waves, 

<^r Floquet modes, which propagate along the surface (in the +x 
qr -X directions); and waveguide modes uaich propagate into the 
trough (in the -y direction.) A TE incident wave will excite 
only TE Floquet modes and TE waveguide modes. Similarly, a TM 
iincident wave will excite only TM waves. Tabl es A. 1 and A. 2 
show formulas for incident waves. Tables A. 3 and A. 4 show formu- 
las for Floquet modes. 

Exact formulas for-bound modes in a trough, or linearly 
tapered waveguide, are not known except in cases of a few special i 
materials, such as a perfect conductor. A good approximation is 
possible, however. To this end, Fig. A. 4 shows how the trough 
may be regarded as a gradually deformed parallel-plate waveguide. 


1 :: I [ 


Exact field solutions for the latter are known. The solutions 
for the former are nearly the same. The difference is that the 
plane of constant phase is curved instead of flat. Mathematically, 
this difference is described by multiplying the solutions for the 
baral 1 el -pi ate waveguide by a quadratic phase factor. The result- 
ing formulas for waveguide modes in the trough are shown in Tables 
A.5-A.8. The modes may be of even or odd symmetry. In general, 
an incident wave will excite modes of both symmetries. 

The amplitudes and phases of the Floquet and waveguide modes 
relative to the incident wave are determined by requiring that the 
iangential electric and magnetic fields be continuous across the 
aperture of the trough. The two simultaneous equations expressing . 
this requirement are shown in Tables A. 9 and A. 10, for TE waves, ri 
The corresponding equations for TM waves are of identical form. 

Solution of the equations of continuity may be achieved in 
a variety of ways. Point matching, the method of moments, and 
Fourier analysis are three possibilities. What is desired, however, 
is not an exact deScri ption of the el ectromagneti c field, but a 
calculation of efficiency. There are more direct ways to do this. 
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1. Two-dimensional EWEC surface, showing corrugations and the two fundamental 
types orf- -incident electromagnetic wave. 
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Table A. 1. Formulas describing an incident TE (transverse electric) wave. 
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Table A.2. FomuJ-as_des.cidbin-g_an.j_nju^ TM (transverse magnetic) wave. 
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Table A.^. Formulas describing- scatty waves. There are an infinity of these 

waves, one for each value of the integer n. 



Table A. 4. Formulas describing scattered TM waves. There are an infinity of these 
waves , bn^ foT^eacF^^^^^ of the integer n. 
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As the---t-nough--is-deformed a parallel-plate waveguide, the electromagneti 

field is approximately ujichanged except for the plane of constant phase 
(shown by the dashed line.) Thus, the field across the aperture of the trough 
may be expressed as the well known field of the paral lei -plate waveguide* 
multiplied by a quadratic phase shift. 
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Table A.5. Formulas for bound TE waves of even symmetry— 
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Table A. 6, Formulas for bound TE waves of odd symmetry. 
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Table A;-?-.— Formulas Tor— bound TM waves of even -symmetry. ~ 




Table A. 8. Formulas for bound TM waves of odd symmetry. 
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Table A.9. Equation for the continuitr o^" the-^angentia^I-eJ f ieJd^axjto^s the 

aperture of the trough, for TE waves. 
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Table A. 10. Equat io n fo r cq^ntlnuity of the tangential magneticHMeld”aGiros^s~-the 

aperture of the trough, for TE~war\res^. ^ 


Appendix Efficiency CaTcul ati ons for Some EVJEC Surfaces . 

This section outlines a relatively short method for calcu- 
lating the efficiency of an EVIEC surface. The method relies on 
the conservati on of power and the formulas for the waveguide 
modes described in Appendix A. 

Fig. B.l shows the directions in which power propagates. 

The incident power propagates in the same direction as the radio 
wave carrying it. At the aperture. of the trough, the power flows 
ih different directions. The Floquet modes carry power along the 
S|Urface (in the +x and -x directions.) Negligible amounts of 
this power are absorbed or received by the surface, which for 
tjhese modes serves as a surface waveguide or transmission line. 

I 

ijf the EWEC surface were infinitely long in the x dimension, the , 
F^loquet modes would propagate unchanged forever. For finite 
1 engt’‘’-5 , they partly reflect and partly radiate at the ends, as 
with any endfire antenna. 

I The remaining power is transmitted into the troughs (in the 
-y direction) by waveguide modes or reflected back into space (in 
the +y direction.) The transmitted power in turn may be absorbed 
or dissipated by the walls of the trough. 

I Conservation of time-average power at the apertures of the 
trbughs requires that, if the incident power is unity, then the 

I 2 

Floquet modes carry power sin 0, and the reflected and transmitted 
wajves carry total power cos 0. Of the latter power, the part that 
isi transmitted depends upon how well the incident radio wave 
couples to the waveguide modes. The coupling is a function of two 
phenomena : — ^ 

• Th,e incident wave must match one or more waveguide 
m(^'des in spatial dependence across the aperture ( i .e . 
in the x direction.) This phenomenon is called phase 
matching . 

• The incident wave must match the same waveguide modes 
in impedance normal to the aperture ( i . e . the wave 


1 


1 


i 


•Impedance in the -y direction.) This is equivalent 
to requiring continuity of the tangential electric 
and magnetic fields across the aperture. 


Phase matching can be expressed quantitatively as the 
coherence between the spatial dependence of the incident wave 
and that of a waveguide mode: 

r Cl /C" ) 




for even modes , and: 
















for odd modes. These integrals may be evaluated in terms of 
well known functions: 


= 777 f ^ 
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(B.4) 



-X(a,^''>^) + /aaxJ] 


where ^ 

X 





& i k^ 


In the formulas for a and b, subscripts c and s must be added to 
the quantities kJJ and k^, as appropriate. The function I may be 

y X 

expressed in terms of the complex Fresnel integral: 



(B.5) 


where F = C - jS 

Impedance matching is expressed quantitatively in terms of 
the reflection coefficient: 


r = 

m 




(B.6) 


where 


Z| = wave impedance of the incident wave in the -y direction 
Z|^ = impedance of the mth waveguide mode in the -y direction 


Table B.l gives formulas for Z^. and 

In terms of the correlation coefficients and and the 

r i m m • 

v»» , the power coupled by the incident 
wave to the mth even TE waveguide mode is: 

1-) 

(B.?: 



Expressions are similar for the power coupled to odd TE modes 

I I 

an;d to TM modes. The integrals may be evaluated to obtain the 
expressions shown in Table B.2. The constant K is determined by 
requiring that the transmitted and reflected powers sum to the 
normally incident power. The result is: 

K • icXAC-^)- 

m a I ^m<s. / 



I 

for TE modes. The result for TM modes is obtained by replacing 

Finally, the efficiency is the ratio of transmitted power 
to total power. The formula for TE waves is given in Table B.3. 

The formulas for efficiency were evaluated for a variety of 
material constants and half-angles rf the taper. The results are 

shown in Tables B.4-B.23 and in Figs. B.4-B.23. In general, they 

I ? 

show that any horn becomes efficient like cos 9, if the aperture 

is a. few wavelengths across. As the aperture is made smaller, how 


f 


y 


ever, the , horn becomes much less efficient for TE than for TM 
waves. Fig. B.4 shows that for TE waves and an aperture of 
0.32 wavelengths, efficiency is no greater than about 66%. In 
contrast. Fig. B.8 shows that for TM waves and an aperture of 
0.08 wavelengths, efficiency is as great as 93%. This behavior 
agrees with intuition. The horn may be regarded as a gently 
linearly-tapered waveguide with dielectric walls. The fundamental 
TM mode in such a waveguide has no cutoff frequency and is capable 
of transmitting power efficiently at any wavelength. If the horn 
were fabricated of magnetic material rather than a dielectric, 
then this behavior would be characteristic of the fundamental TE 
mode instead. 
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Fig. B 



Directions of power flow at the EWEC surface, 
ratio of transmitted power to incident power. 


The efficiency is the 
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Table B.2. Time-average power coupled by the incident wave to the mth waveguide 
mode. K is a normalization constant. 



Table B. 3. Efficiency of the EWEC surface for TE waves. The formula for TM waves 

is of the same^fWmPexc^pt that~T/Z must be~replaced by Z„. 

^ m : m 





I TABLE B.4 

I ' ; 

TE| WAVE j UIAVELENGTH= 0 . 55 0 M I CRONS 

length of TAPER= 10.000 MICRONS HALF-ANGLE OF TAPER= 0.500 DEGREES 
DIELECTRIC CONSTANT= 10.000 LOSS TANGENT= 0.000 

RELATIVE PERMEABIL I TV= 1.000 LOSS TANGENT* 0.000 

CONDUCTIVITY* 0.000 MHOS-- METER 

IMPEDANCE OF MEDIUM* 0.11913E 03 + J O.COOOOE 00 OHMS 

i ■ 

FIRST 1 WAVE NUMBERS: FDR EVEN MODES 

'I J " 

MODE realck:»:> imagc:k:«:> real<:ky> imag<ky> 

1 0.15884E 08 0.58498E 07 0.89757E 07 -0.11954E 08 


FIRST 1 WAVE NUMBERS FOR ODD MODES 


fiDDE real<;kx> 


IMAGCKX> 


REALCKYY 


IMRG(;KY> 


0.E9564E 08 0.9S738E 07 0.10600E OS -0.E7539E 08 


TABULATION OF EFFICIENCY 


t ANGLE OF INCIDENCE 

1 ■ 

: EFFICIENC 

Y 

1 

1 O.OOOOOE 

00 

0 .66209E 

02 

|] 0.60 OOOE 

01 

0.65286E 

02 

1 0.12000E 

02 

0.62578E 

02 

1 O.ISOOOE 

02 

0.5S255E 

02 

1 0.24 OOOE 

02 

0.52583E 

02 

i 0.30000E 

0£ 

0,45898E 

02 

|i 0.36000E 

02 

0.38583E 

02 

i 0.42 OOOE 

02 

0.31 043E 

02 

1 0 .48 OOOE 

02 

0.23686E 

02 

1 0.54000E 

02 

0.16S96E 

02 

1 0.60 OOOE 

02 

0.11 019E 

02 

1 0.66 OOOE 

02 

0 . 6 J244E 

01 

1 0.72 OOOE 

02 

0,2973SE 

01 

1 |[|0.7SOOOE 

1 0.84 OOOE 

02 

. 0.97557E 

00 

02 

, 0.13394E 

00 
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FIG. B .4 EFFICIEhCY vs. flMGLE OF IHCIDENCE 
TE IJflVEi. WFtVELEHSTH= 0.550 MICRDNS 

LENGTH OF TflPER= 10.000 niCRDNS ;HFiLF-fiNGLE OF TFiPERs 0.500 DEGREES 
DIELECTRIC CONSTftNT= 10.000 LOSS TFINGENT= 0.000 

RELATIVE PERNEI=iBILITY= 1.000 LOSS TfiNGENT= 0.000 

CONDUCT I V1TY= 0.000 MHOS/METER 


1 [ 


TABLE B . 5 


:P 

; i 


TE WAVE-. WAVELEH6TH= 0.550 MICRDMS 

LENGTH DF TAPER= 10.000 MICRONS HALF-ANGLE OF TAPER= 
DIELECTRIC CONSTANT* 10.000 LOSS TANGENT* 0.000 

RELATIVE PERMEABILITY* 1.000 LOSS TANGENT* 0.000 

CONDUCTIVITY* 0.000 MHOS:--METER 


IMPEDANCE OF MEDIUM* 0.11913E 03 + J 0.0 000 OE 00 OHMS 
FIRST £ WAVE NUMBERS FOR EVEN MODES, 


1 . OuO DEGREE 


MODE REAL<Kt<> 


1 0.8?5SaE 0? 

£ 0 .£556£E OS 


IMAG<KX> 


0.143£5E 07 
0.47913E 07 


REAL<KY> 


0.7S513E 07 
0.53£S3E 07 


IMAG<KY> 


■0.16397E 07 
•0.££9S6E 08 


FIRST 


£ WAVE NUMBERS FOR ODD MODES 


.‘ODE 


REALCKX> 


IMAG<KX> 


real<;ky> 


imagcky::* 


1 0. 1741SE OS 0.29849E 07 0.3SS5EE 07 

£ 0.3S587E 08 0.644£0E 07 O.SS5S£E 07 


•0.1338£E 08 
•0.306C9E 08 


1 


TABULATION OF EFFICIENCY 
ANGLE OF INCIDENCE 


0 . 000 OOE 

00 

0. 

90614E 

0£ 

0.60000E 

01 

0 . 

89449E 

0£ 

O.IEOOOE 

0£ 

0; 

860£6E 

0£ 

0.180 OOE 

0£ 

Oi 

S0547E 

0£ 

0. £40 OOE 

0£ 

0. 

733£5E 

0£ 

0.30000E 

0£ 

0. 

64759E 

0£ 

0 .36 0 0 OE 

0£ 

0. 

55£80E 

0£ 

0 . 4£0 0 OE 

0£ 

0 , 

4537£E 

0£ 

0 .480 0 OE 

0£ 

0 . 

3551 IE 

0£ 

0.540 OOE 

0£ 

0. 

£6169E 

0£ 

0 . 6 0 0 0 OE 

0£ 

0. 

17793E 

0£ 

Ow66000E 

0£ 

0 . 

1 0779E 

0£ 

0.7£OOOE 

0£ 

0. 

54395E 

01 

0.730 OOE 

0£ 

0 . 

196 OOE 

01 

0.840 OOE 

0£ 

0 . 

30483E 

00 
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FIG.e.5 EFFICIEMCV VS . ftNGLE OF IMCISENCE 


TE’ WfiVE.. ljiWELENGTH= 0.55 0 mCRQNS 

LENGTH OF T(=IPER= 10.000 MICRONS HflLF-RNGLE OF Tl=(FER= 
DIELECTRIC CONSTRNT* 10.000 LOSS TRNGENT= 0.000 

RELATIVE PERMEREIL IT Y= 1.000 LDSSTRNGENT= 0.000 

CONDUCT IV 1 TV= 0 . 0 00 MHDS--METER 


1.000 DEGREE- 









I TfiELE B.6 

WflVEj WRVELEMGTH= 0.55 0 MICRDMS 

I -NGTH GF TfiPER= 10.000 MICRONS HfiLF-RHGLE OF TflPER= 2.000 DEGREE 
DIELECTRIC CONSTRNT= 10.000 L0SSTflN6ENT= 0.000 

RELRT I VE PERMERB I L I T Y= 1.0 0 0 LOSS TRNGENT= 0.00 0 

CONDUCT I V I TV= 0.000 MHOS.--METER 

i 


IMPEDRNCE OF MEDIUM* 0.11913E 03 + J O.OOOOOE 00 OHMS 


FIRST 

5 WfiVE 

NUMBERS FOR EVEN 

MODES 




MODE 

RERLCK^ 

O 

INRG-'KJO 


i 

RERLCKY 

’ll 

IMRGCKY> 


t 

0.4472 IE 

07 

0 . 357 47E 

06 

0. 1 0519E 

03 

-0.15197E 

06 

2 : 

0.13396E 

08 

0.109C3E 

07 

0 .2023 OE 

07 

-0.72015E 

07 

3 

0 .222gSE 

08 

0 .20422E 

07 

0.23744E 

07 

-0.19153E 

08 

4 

0 .3 0665E 

08 

0 .3345SE 

07 

.0 .36014E 

07 

-0.284S9E 

08 

5 

0.37627E 

08 

0 .40599E 

07 

0.42583E 

07 

-0.35874E 

OS 


FIRST 

5 WAVE 

NUMBERS FDR ODD 

MODES 




MODE 

rerl'::k:^ 


IMRGCKJO 


rerl-;:k'i 


IMRG<KV;. 

1 

1 

0 .8939SE 

07 

0.73222E 

06 

0.72075E 

07 

-0 .90820E 

06 

£) 

0.1 782 IE 

08 

0.15557E 

07 

0 .20181E 

07 

-0.13738E 

08 


0.26539E 

08 

0 .26350E 

07 

0 .29153E 

07 

-0 .23986E 

08 

4 

0 .343 19E 

08 

0 .39835E 

07 

0.42205E 

07 

-0 .32392E 

08 

5 

0.41 3 05E 

08 

0.35925E 

07 

0.3 f' 3 1'' IE 

07 

“0.39707E 

Oy 


TRBULRTIOM OF EFFICIENCY 

RNGLE OF INCIDENCE EFFICIENCY 


O.OOOOOE 

0 0 

' 0 .971 9 IE 

02 

O..6O0O0E 

01 

' 0.960S7E 

02 

0.12000E 

02 

0.92826E 

02 

0.18000E 

02 

0.87547E 

02 

0.24000E 

02 

0.80463E 

02 

0 .3 0 0 0 0£ 

02 

0.71S56E 

02 

0.36 0 0 OE 

02 

0.62078E 

02 

0.42000E 

02 ■ ' 

0.51561E 

02 

0 . 48 0 0 OE 

02 

0.40313E 

02 

0 .54 0 0 OE 

02 

0.3 0395 E 

02 

0 .600 0 OE 

02 

0.20876E 

02 

0 . 66 0 0 OE 

02 

0.12779E 

02 

(n?200 0E 

02 

0.65242E 

01 

0 . T 3 U U U E 

02 

0 .23823E 

01 

0 . 84 0 0 OE 

02 

0 .37662E 

0 0 



i 


...1.,.,., J, : k 


! 

^ ^ if ' fif if fiif fif fif '>4i4i4if fiif .f if ■'f 4i>f if if 4if 4i -' 






+ '■ +++|f ++++-f ■•' +++++++++ •' +++++++++-■ +++++41+++ <•■ +++++++++ '' ++ ++++|^+|+ '+++++++++ '' 

o ^ io 60 tQ—l /po 


s< 



? 

¥ 


.1 ■ 

F 

f 

» 


FIG. B 16 efficiency VS J ANGLE OF INCIDENCE 
TE WAVE!. WAVELENGTHS 0.550 NICRONS 

LENGTH OF TAPER® 10.000 MlCPiONS HALF-...ANGLE OF TAPER® £.000 DEGREES 
DIELECTRIC CONSTANT® 10.000 LOSS TANGENT® 0.000 

RELATIVE PERMEABILITY® 1.000 LOSS TANGENT® 0.000 e 

CONDUCTIVITY® 0.00 0 MHDSi'-METER 




TABLE S • 7 


I 


TE WAVE;. WAVELEHGTH= 0.550 MI CRONS 
LENGTH OF TAPER- 10.000 NICRDNS HALF-ANGLE OF TAPER= 
DIELECTRIC CONST ANT= 10.000 LOSS TANGENT= 0.000 

RELATIVE PERMEABILITY= 1.000 LOSS TANGENT= 0.000 

CONDUCT I V I TY= 0 . 0 0 0 MHDS-- METER 


IMPEDANCE OF MEDIUM= 0.11913E 03 + J O.OOOOOE 00 OHMS 


X 


5.000 DEGREES 




FIRST 

1 

7 WAVE 

NUMBERS FOR EVEN 

MODES 




MODE 

i 

REALCK^^ 

! y 

imaG':;k;«::; 

1 

REAL<K‘t 


imag(:ky> 


f 1 

0.T8005E 

07 

1 

0.571S4E 

05 

U all 1 E 

08 

-0.91864E 

04 

i £ 

0.5401EE 

07 

0.17351E 

06 

0.10 06SE 

OS 

-0.9307SE 

05 

! 

0.90014E 

07 

0 .E9536E 

06 

0 .70506E 

07 

-0.37708E 

06 

\ 4 

0.12GOOE 

08 

0 .42804E 

06 

0.10002E 

07 

-0.53985E 

07 

I 5 

0 . 161 97E 

OS 

0.551 16E 

06 

0 .7766EE 

06 

-0.11495E 

08 

1 s 

0.19786E 

08 

0.71 01£E 

06 

0.S6931E 

06 

-0.16163E 

08 

! I*' 

0 .23384E 

OS 

0 

06 

0.10113E 

07 

-0 .20409E 

08 


I 


FIRST 7 WAVE 

NUMBERS FDR ODD MODES 




f 

MODE realck;;: 

iy 

IMAG<KX> 

REAL<K'-i 

' y 

imagcky:. 

' 


1 G.36009E 

fiT* 

1 

0.11437E 06 

0 . 1 0842E 

08 

-0 .37984E 

05 


£ 0.7E014E 

fiT* 

0.23345E 06 

0 .SS734E 

07 

-0 . 1S947E 

06 


3 0.10801E 

ij 

0.35993E 06 

0 . 387 06E 

07 

-0.1 0 044E 

07 

f 

4 0.14399E 

l”| o 

0.47585E 06 

0 .77978E 

06 

— 0 . S7867E 

07 


5 0.17993E 


0 . 631 63E 06 

0 .S1700E 

06 

-0.1391 IE 

08 

.. . • 

6 0.S1574E 

1*1 

0.7926 IE 06< 

0 .9340 IE 

06 

-0.18308E 

08 


7 0.25157E 

os 

0.9861 IE 06 

0.11 065E 

07 

-0 .22419E 

08 

' i 

TABULATION OF EFFIC 

lENCY 





; ^ 

ANGLE OF INCIDENCE 

EFFICIENCY 






O.OOOOOE 00 


I 

i 

0.99552E 02 





' ■ " ■ J; 

0,6;OOOOE 01 


0.9S400E 02 





■ ■ ■ t 

0,12 00 OE 08 


0.^5 156E 02 






O.ISOOOE 0£ 


0.S9970E 02 






0.24000E 0£ 


0.!3£895E 02 






0.30000E 0£ 


0.74369E 02 





. i: 

0.36000E 02 


0.64S39E 02 





' y 

0.42000E 02 


0.54548E 02 





'■■•vf 

0.48000E 02 


0.|439 05E 02 





■ li 

0.54G00E 02 


0.33503E 02 





I 

O.doOOOE 02 


0.23860E 02 





, p 

G.dsOOOE 02 


0.1536SE 02 





■ ■ ■ ■ 'i 

0.72000E 02 


0.84017E 01 

- - ■ 





0 .78000E 02 


0.33637E 01 

51 





0.S40C0E 02 


0.6 046 IE 00 
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; . FIS. 3.7 EFFICIENCY VS. ANGLE OF INCIDENCE 

TE IJAVE.. WflVELENSTH= 0.550 MICRDNS 

LENGTH OF TRPER= 10.000 MICRONS HRLF-ANGLE OF TRPER= 5.000 DEGREES 
DIELECTRIC CONSTRNT= 10.000 LOSS TRNGENT= 0.000 

RELATIVE PERNERBILITY= 1.000 LaSSTRNGENT= 0.000 

CONDUCT I VITY= 0.000 tiHDS/METER 


TfiELE B-8 



TM WAVE? WfiVELEN6TH= 0.550 MICRmS 

LENETH DF TfiPER= 10.000 MICRDHS HfiLF-fiHGLE OF TfiPER= 0.125 DESREES 
DIELECTRIC GONSTfiNT* 10.000 LOSS TfiM»5EMT=^ 0.000 

RELATIVE PERMEABILITY* l.OOO LOSS TAMGEMT* 0.000 

CONDUCTIVITY* 0.000 MHDS.-METER 


IMPEDANCE OF MEDIUM* 0.11913E 03 + J O.OOOOOE 00 OHMS 


FIRST 1 WAVE NUMBERS FDR EVEN MODES 



0 .22998E 


0 .23293E 


-0.71 0S9E OS 


TABULATION OF EFFICIENCY 

ANGLE OF I NC I DENCE EFF I Cl ENC Y 


O.OOOOOE 00 0.931SSE 02 

0 .60 0 0 OE 01 0 . 92 1 06E 02 

0.12000E 02 0.SS905E 02 

0.18000E 02 0.83712E 02 

0.24000E 02 0.76743E 02 

0.30000E 02 0.6S293E 02 

0i36000E 02 0.5S734E 02 

0142000E 02 0.4S5G9E 02 

Oi4SOOOE 02 0.381 16E 02 

0i54000E 02 0.2S097E 02 

OiSOOOOE 02 0.19003E 02 

Oi66000E 02 0.11357E 02 

rT#.^2000E 02 0 .55S73E 01 

■>^.78000E 02 0.19286E 01 

0.84000E 02 0.28052E 00 
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FIS. 3-8 EFFICIENCY VS. fiNSLE OF INCIDENCE 
TM WRVEj WRVELENGTH= 0.550 MICPaNS 

LENGTH DF TRPER= 10.000 MICRONS HfiLF-RNGLE OF TfiFER= 0.1 £5 DEGREE; 
DIELECTRIC CaNSTftNT= 10.000 LOSS TFlNGENT= 0.000 

RELftTIVE PERMEflEILITY= l.OOO LOSS TflNGENT= 0.000 

CDNDUCTIVITY= 0.000 MHOS/METER 


TABLE B . 9 


TM WfiVEj WRVELEHGTH= 0.550 MICRONS 
LENGTH OF TAPER= 10.000 MICRONS 
DIELECTRIC CDNSTfiNT= 10.000 
RELATIVE PERMEABILITY^ 1.000 
CDNDUCTIVITY= 0.000 MHOS^-METER 


HALF-ANGLE OF TAPER= O.E50 DEGREE 
LOSS TRNGENT= 0 . 0 0 0 

LOSS TRNGENT= 0.000 


IMPEDANCE OF MEDIUM= 0.11913E 03 + J O.OOOOOE 00 OHMS 


FIRST 

MODE 

1 

FIRST 
' MODE 
1 


1 WAVE NUMBERS FOR EVEN MODES 
RERLCKX) IMAG''K:«;> RERL-CKY 

0.65SS3E 07 0.62417E 07 0.M7G0E 

1 WAVE NUMBERS FDR ODD MODES 
REAL<KX> IMAGCKX) REALCKY 

0.36147E OS 0.S2926E 07 0.2415SE 


IMA6<KY::' 


08 -0.34969E 07 


IMAG(KY> 


07 -0.34303E OS 


TABULATION OF EFFICIENCY 

ANGLE OF INCIDENCE EFFICIENCY 


O.OOOOOE 

00 

0.I97755E 

02 

0,60 OOOE 

01 

! 0 iStot-DiiE 

02 

0.12000E 

02 

1 0^93426E 

02 

0. ISOOOE 

02 

0 ^ S3 1 6SE 

02 

0.24000E 

02 

Oisi090E 

02 

0.300 OOE 

02 

0.72475E 

02 

0,36000E 

02 

0 .62679E 

02 

0.420 OOE 

02 

0.52130E 

02 

0 , 43 0 0 OE 

02 

0.41317E 

02 

0.540 OOE 

02 

0.307S0E 

02 

0.600 OOE 

02 

0.2103SE 

02 

0.66 0 0 OE 

02 

0 .12303E 

02 

0.720 OOE 

02 

0.642 OOE 

01 

0 .730 OOE 

02 

0 .^dSSclE 

01 

0.340 OOE 

02 

0 .33939E 

-00 
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Fie. *^*53 EFFICIENCY vs. ftNGLE OF INCIDENCE 
TM WftVEj WftVELENi3TH= 0.550 MICRONS 

LENGTH OF TRPER= 10.000 MICRONS HRLF-RNGLE OF TftPEP=: ' 0.250 DEGREES 
DIELECTRIC CONSTfiNT= 10.000 LOSS TANGENT* 0.000 

RELATIVE PERMEABILITY* 1.000 LOSS TANGENT* 0.000 

CONDUCTIVITY* 0.000 MHOS/NETER - ' ~ " 


TfiELE B.IO 


TM l...lftVE!» WfiVELENGTH= 0.550 MICRDhS 

LEH6TH OF TRPER= 10.000 MICRONS HfiLF-RHGLE OF TRPER= 
DIELECTRIC CONSTRNT= 10.000 LOSS TflHGEMT= 0.000 

RELfiTIVE PERMEflBILITY= 1^000 LOSS TRNi3ENT= 0.000 

CDNDUCTIVITY= 0.000 MHOS^METER 


500 DEGREES 


IMPEDRHCE OF MEDIUM= 0.1 191 3E 03 + J O.OOOOOE 00 OHMS 


FIRST 


1 WfiVE NUMBERS FDR EVEN MODES 


MODE RERLCKJO 


IMRG<KX> 


REfiL(:KY> 


imr6':;k:y> 


1 0.479S8E 07 0.43067E 07 0.11372E OS -0.1S173E 07 


FIRST 1 WfiVE NUMBERS FDR ODD MDDES 


MODE RERL<KX> 


imrG'::k>:> 


rerlcky:;' 


imrgc:ky> 


1 0.18293E OS 0.SE703E 07 0.2SS44E 07 -0.1439SE OS 


trbulrtidn df efficiency 


RNGLE DF INCIDENCE 


EFFICIENCY 


O.OOOOOE 00 
0.60 OOOE 01 
0. 120 ODE 02 
O.ISOOOE 02 
0.24000E 02 
0.3000 OE 02 
0.36000E 02 
0.42000E 02 
0 . 48 0 0 OE 02 
0.54000E 02 
0.60 OOOE 02 
0 . 66' 0 0 0 E 02 
>(XV^*‘!^2000E 02 
0.7SOOOE 02 
0. 84 OOOE 02 


0.9936SE 02 
0.9S262E 02 
0.949S5E 02 
0.S9662E 02 
0.S2499E 02 
0 . r' 3* (' S 2 E U2 
0.63S6SE 02 
0.53190E 02 
0.42236E 02 
0.31547E 02 
0.21690E 02 
0.1323 IE 02 
0.66774E 01 
0.23794E 01 
0.36012E 00 
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FIS. B. 10 efficiency vs. 

,TM WAVE? WfiVELENSTH= 0.5S0 MICRDNS 
LENGTH OF TflPER= 10.000 ?1 1 CRONS 
DIELECTRIC CDNSTHNT= 10.000 
RELATIVE PERMEAEILITY= 1.000 
CDNDUCTIVITY= 0.000 NHOS-'METER 


ANGLE OF INCIDENCE “ 


HALF-ANGLE OF TAPER= 
LOSS TANGENT= 0.000 

LOSS TANGENT= 0.000 


0.500 DEGREES 



TABLE B . 1 1 


i TM WRVEj WAVELENGTH= 0.550 MICRDMS 

r: VJ LENGTH OF TAPER= 10.000 MICRONS HALF-ANGLE OF TAPER= 5.000 DEGREES 

I DIELECTRIC CONST ANT= 10.000 LOSS TANGENT= 0.000 

I RELATIVE PERMEAEILITY= 1.000 LOSS TANGENT= 0.000 

I CONDUCTIVITY= 0.000 NHOS.-'METER 


IMPEDANCE OF MEDIUM= 0.11913E 03 + J 0 .OOOOOE 00 OHMS 


FIRST 

7 WAVE 

NUMBERS FDR EVEN 

MODES 




MODE 

realc:kx> 

IMAG'iiKX;:' 

REAL'::K'-i 

' |;i 

I M AG (. KY > 


1 1 

0 . 15S97E 

07 

t 

0.52615E 06 

0 .1 1325E 

08 

\ ' 

—0 .73S55E 

05 

. £ I 

0.4 158 IE 

07 

0.!i075SE 07 

0.1 07 03E 

08 

-0.41795E 

06 

3 i 

0 .72674E 

07 

0.61766E 06- 

0 . 885 05E 

07 

-0.50718E 

06 

4 

0 .1083 IE 

08 

.0.295S1E 06 

U •oocc'jb. 

07 

-0.11215E 

07 

5 

0.14425E 

08 

Q.29312E 06 

0 .47963E 

06 

-0.S8155E 

07 

6 

0 . 1S026E 

08 

0.2347 IE 06 

0 .30340E 

06 

-0.13945E 

08 

l*‘ 

0 .21629E 

08 

0.19437E 06 

0 .22890E 

06 

-0 .1S367E 

08 


FIRST 7 WAVE NUMBERS FOR ODD MODES 
MODE REAL<K:^> IMRGCKtO REALVKYY ■ IMAGCKY) 



1 0.2959SE 0? 0.9S911E 06 

£ 0. 5537 IE 07 0.S3857E 06 

3 0.90449E 07 0.4S353E 06 

4 0.1£6£6E OS 0.33S24E 06 

5 0.16225E 08 0.26206E 06 

6 0 . 1 9828E 08 0.21 £61 E 06 

7 0.2343 IE 08 0.17904E 06 


0.1 108 IE 08 -0.26414E 06 

0.1 001 IE 08 -0.46801E 06 

0.7022SE 07 -0.62275E 06 | 

0.78739E 06 — 0.54239E 07 

0.36895E 06 -0.11524E OS 

0.26012E 06 -0.16206E 08 

0.20506E 06 -0.2045SE 08 



TABULATION OF EFFICIENCY 

ANGLE OF INCIDENCE EFFICIENCY 

0. OOOOOE 00 0.99990E 02 

0.6000 OE 01 0.|3S891E 02 

0.12000E 02 0.95642E 02 

0 . 1 8 0 0 OE 02 0 . 1? 0387E 02 

0.2400 0E 02 0.[33339E 02 

0.30 OOOE 02 0.74804E 02 

0.36000E 02 0.651S0E 02 

0.42 OOOE 02 0.54849E 02 

0 . 48 0 0 OE 02 0.442 05E 02 

0.54000E 02 0.33762E 02 

0.60000E 02 0.fe:4046E 02 

0.66 OOOE 02 0.'l5490E 02 

0.72 OOOE 02 0.S4713E 01 

0.78000E 02 0.33S67E 01 

0.84 OOOE 02 0.60463E- 00 
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Fie. B. 11 EFFICIEMCY vs. angle of incidence 


TN WAVE.- WAVELENGTH= O.SSCi MICRONS 

length of TAPER= 10.000 MICRONS HALF-ANGLE OF TAPER* 
DIELECTRIC CONSTANT* 10.000 LOSS TANGENT* 0.000 

RELATIVE PERMEABILITY* 1.000 LOSS TANGENT* 0.000 

CONDOCTIVITY* 0.000 MHOS.-METER 


5.000 DEGR'EE; 









TABLE B.12 

TE WfiVEi. l,..lfiVELENGTH= 0.550 NICRDnS 

LENGTH DF TfiPER= 10.000 MICRONS HALF-ANGLE OF TAPER= 5.000 DEGREES 
DIELECTRIC: CONSTANT= 100.000 LOSSTANGENT= 0.000 

RELfiTlVE PERMEABILITY= 1.000 LOSS TANGENT= 0.000 

CONDUCT IV I TV= O.QQO MHOS.-METER 


IMPEDANCE OF MEDIUM^ 0.:3?6?:3E 0£ + J O.OOOOOE 00 OHMS 


FIRST 

7 WAVE 

NUMBERS 

FOR E 

.•'EN 

MODES • 




MODE 

real':;k:« 


I 

lAGeiKX 


REALCK'i 

■> 

IMAGCKY) 


1 

O.ISOEIE 

07 

0. 

ISIOOE 

05 

0.112S1E 

08 

-0.2S914E 

04 

? t ' 

0.540G:3E 

07 

0. 

54299E 

05 

0 .jl 0064E 

OS 

— 0 .29169E 

05 


0.901 05E 

07 

0. 

9 049SE 

05 

0 .70242E 

07 

-0.11609E 

06 

4 

0.1EG15E 

OS 

0. 

1274SE 

06 

0 .30 OISE 

06 

-0.53570E 

07 

5 

0.16219E 

OS 

0 . 

16457E 

06 

0 .2:3lS2E 

06 

-0.11514E 

08 

6 

0 . 198£:3E 

OS 

0 . 

S021SE 

06 

0.24739E 

06 

-0 .1620 IE 

08 

r’ 

0 .£:34£7E 

OS 

0 . 

24046E 

06 

0 .27542E 

06 

-0.20453E 

08 



FIRST 

MODE 


7 WAVE NUMBERS FOR ODD MODES 


REALCKX) 


IMAG':;KX> 


real-;kv> 


I 

imagc;kv> 


f i-: ■■ 


1 

0,:3604£E 

fi7* 

0.b6199E 05 


0.1 084 IE 

08 

-0.1£0:35E 

05 

i.'i. . 

1 ■ ■ 


2 

U ■ il! 

084E 


0 .7239SE 05 


0 . 886-3 1 E 

07 

— 0 .. 5 8 8 82 E 

05 

j. i;l 



0 . 1 0 

S13E 

OS 

0.|10S6 0E 06 


0 . -3 ■' 02ciE 

07 

— 0 . :3 1 7 1 6E 

06 



4 

0.14417E 

U C« : 

0.14597E 06 


U. 2:392 4E 

06 

-0 .S7962E 

07 

1 t: 
1.; 


5 

0 . IS 

02 IE 

Uc» 

0.1 8:3:;i o E U6 


0 . 2:37 0 OE 

06 

-0.1393SE 

08 

1 


6 

0,£1625E 

OS 

U • 2i£ 1 dSE Ois 


0 .26055E 

06 

—0.1 8362E 

08 



r’ 

0 . 25229E 

1.1 l“l 

0.2 5989 E 06 


0.2914SE 

06 

-0 .22495E 

08 

'1 >■ 


TRELILATIDN 

DF EFFIC 

lENCY 






l\ 

fi 


angle of incidence 

EFFICIENC 

V 





1 


O.OOOOOE 

0 0 


0 . 9973SE 

02 





in 


0.60000E 

01 


0 . 9856 1 E 

02 





f 


0 . 1 

2000E 

02 


0.95319E 

02 





1 


0 . 1 

SOOOE 

02 


0.i90168E 

02 





ll 


0 .c 

;4 0 0 OE 

02 


O.S3Uf'5E 

02 





1 


0 .:3 

iOOOOE 

02 


0.74540E 

02 







0.;- 

I6000E 

02 


0.65069E 

02 





1 


0 .42000E 

02 


0.54S05E 

02 





1 


O.4S000E 

02 ' 


0.44121E 

02 





1 

l|i 

0.5 

:4Q00E 

02 


0.33713E 

02 





-I 

0 . 6 0 0 0 OE 

02 


0.24160E 

02 





t; 


0.66000E 

02 


0.157S6E 

02 





j 


0.72000E 

02 


0 .88:5 67 E 

01 







0 . 7S000E 

02 


0 .36555E 

01 

61. 




'T 

•i 


0 . £ 

;4 0 0 OE 

02 


0 . 6852 OE 

0 0 
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Fie. B.12EFFICIEMCV VS. RMGLE OF INCIDENCE | 

TE WFiVE,. L.JfiVELEHGTH= 0.550 MICRONS 

LENGTH OF TflPER= 10.000 MICRONS HHLF-ftNGLE OF TfiPER= 5.000 DEGREES 
DIELECTRIC CQNSTFlNT= 100.000 LOSS TflNGENT= 0.000 

RELATIVE PERMEflBIL I TY= 1.000 LOSSTflNGENT= 0.000 62- 

CONDUCTIVITY= 0.000 MHDS^NETER 


I 


HRLF-fiNGLE OF TI=iPER= 5.000 DEGREES 
LOSS TRNGENT= 0.000 

LOSS TRNGEMT=s 0.000 

CONDUCTIVITY* 0.000 MHOS/ METER 


IMPEDRNCE OF MEDIUM* 0.37673E 0£ + J O.OOOOOE 00 OHMS 


TRBLE B.13 

WfiVEj WRVELENGTH* 0.550 MICRONS 
^Li-NGTH OF TRPER* 10.000 MICRONS 
D I ELECTR I C CONSTANT* 100.000 
i RELATIVE PERMEABILITY* 1.000 



FIRST 5 WAVE NUMBERS FOR EVEN MODES 


MODE 

REALCKX) 

IMAG<KX> 


REALCK’ 


imagcky;: 


1 

0 .92096E 

06 

0.65045E 

06 

0.11405E 

08 

-0 .52522E 

05 

2 

0 .36472E 

07 

0 .36905E 

06 

0 . 1 0S33E 

08 

-Q.12425E 

06 


0 .72140E 

07 

0.1 839 IE 

06 

0 .88613E 

07 

-0.14972E 

06 

4 

0.10S15E 

08 

0.12186E 

06 

0 .36990E 

07 

-0.3563 IE 

06 

5 

0.1441SE 

08 

0 .90909E 

05 

0.14S99E 

06 

-0.87974E 

07 


FIRST 5 WAVE NUMBERS FDR ODD NODES 


i MODE 

i 


REAL KX > 


IMAGCKX;:* 


real<:ky> 


IMAG<KY> 


) 

i 

0.20404E 

07 

0.62296E 

06 

.• 


0.541S6E 

07 

0.24695E 

06 

3 

0.90 139E 

07 

0.14656E 

06 

«■ 


0.12616E 

08 

0.10390E 

06 

5 

0.16221E 

08 

0 .80308E 

05 


i 


I TAEULATION OF EFFICIENCY 


! angle of incidence 

1 ■ 

efficiency 

i O.OOOOOE 

0 0 

0.99999E 

02 

1 OiSOOOOE 

01 

0.9S903E 

02 

Oil2000E 

02 

0.95655E 

02 

OilSOOOE 

02 

0.90399E 

02 

! 0.24000E 

02 

0 . 8334SE 

02 

1 Oi30000E 

02 

0.7481 IE 

02 

• 0;36000E 

02 

0.6-52 09E 

02 

I 0.42000E 

02 

0.54893E 

02 

J— .0,4SOOOE 
|C_,i0.54000E 

02 

0.4422SE 

02 

02 

0 ■ ^ i'* 1* o£ 

02 

i 0;60000E 

02 

0.241 02E 

02 

1 0 .66000E 

02 

0.1 562 IE 

02 

0.72000E 

02 

0.S6-349E 

01 

0 . 78 0 0 OE 

02 

0 . 35 058E 

01 

0 .S4000E 

02 

0.63964E 

0 0 


O.Tlc:5SE OS 
0.1 006 IE 08 
0.70224E 07 
0.£4465E 06 
0.113S3E 06 



-0.112S1E 06 
-0.13300E 06 
-0.18S12E 06 
“ 0 . 535 1 ‘ (’ E U I"' 

-0.11515E 08 
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FIS. S. 13EFFIC.IENC.V; VS;. fiMSLE OF IMCIDEMCE 


TM liiFIVE> WRVELENGTH= 0.550 niCRDNSr 

LEMGTH OF TflPEP,= 10.000 MICRONS HRLF-RNSLE OF TRPER= 5.000 DEGREES 
DIELECTRIC CONSTflNT= 100.000 LOSS TflNGENT= 0.000 

RELFtTIVE PERMEfiBILITY= 1.000 LOSS TPlN6ENT= 0.000 

CONDUCT I VITY= 0.000 MHOS/ METER 


TftELE B.14 


I WRVEj Uii=iVELENGTH= 0.550 MICRONS 
LENGTH OF TRPER= 10.000 MICRONS HflLF-ftNGLE OF TfiPER= 
DIELECTRIC CDNSTfiNT= 1000.000 LOSS TflN6ENT= 0.000 

RELATIVE PERMEfiEILITY= 1.000 L0SSTfiN6ENT= 0.000 

CONDUCTIVITY* 0.000 MHDS.-METER 


5.00 0 DEGREES 


IMPEDANCE OF MEDIUM* 0.11913E 0£ + J O.OOOOOE 00 OHMS 


FIRST 4 WAVE NUMBERS FDR EVEN MODES 


MODE REAL<K.X> 


IMAGCK^O 


REALCKY> 


imag^ky::- 


0.4G015E 06 
0.360S3E 07 
0.7209 IE 07 
0.10814E 08 


0.43100E 06 
0.11533E 06 
0.57496E 05 
0.3833 IE 05 


0.11422E 08 
0.1 084 OE 08 
0.S8623E 07 
0.-i>6858E Of' 


•0.1S118E 05 
■0.38392E 05 
■0.4677 IE 05 
•0.11246E 06 


FIRST 


4 WAVE NUMBERS FOR ODD MODES 


real<;kj=:> 


IMAG<KX> 


real-::ky> 


IMAG<KY> 


0. 18316E 07 
0.54069E 07 
0.901 14E 07 
0.12616E 08 


U.c!ii!f'03E 06 
0.7666 IE 05 
0.45997E 05 
0.32855E 05 


0.11279E 08 
0.10064E 08 
0.70219E 07 
0.77424E 05 


■0.36869E 05 
■0.41 187E 05 
■0.59029E 05 
0.53536E 07 


TAEULAT ION OF EFF I C I ENC Y 


ANGLE OF INCIDENCE 


EFFICIENCY 


O.'OOOOOE 00 
0.60 OOOE 01 
0.12000E 02 
O.ilSOOOE 02 
0.k:4000E 02 
0 . 13 0 0 0 OE 02 
0.|36 000E 02 
0.42000E 02 
O.HsOOOE 02 
0.54 OOOE 02 

|"“^i0.6000 0E 02 

'^=-'■0.66 OOOE 02 
0.72 OOOE 02 
0.78 OOOE 02 
0.84 OOOE 02 


0.|99999E 02 
0.9S904E 02 
0.95656E 02 
0.90400E 02 
0 . y y 4 f ' E 0 ii' 
0.74803E 02 
0.65220E 02 
0.54909E 02 
0.44202E 02 
0.33730E 02 
0.24 lOlE 02 
0.156S0E 02 
0.871 07E 01 
0.35504E 01 
0.6493 IE 00 
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FIS. B- l^tFFICIENCV VS. RMSLE OF INCIDEHGE 
TM WAVE.. WflVELENGTH= 0.550 MICRONS- 

LENGTH OF TfiPER= 10.000 MICRONS' HRLF-FiNGLE OF TfiPER= 5.000 lEGREE 
DIELECTRIC CONSTfiNT= 1000.000 LOSS TflNGENT= 0.000 

RELATIVE PERMEhEILITV= 1.000 L0SSTflN6ENT= 0.000 

CONDUCT I V I TY= 0 . 0 0 0 MHOS/METER 


66 . 


. TABLE B . 1 5 


liWAVE.- WAVELENGTH^ 0.550 MICRONS 

LENGTH OF TAPER* 10.000 MICRONS HALF-ANGLE OF TAPER* 

D I ELECTR I C CONSTANT* 1 0 0 0 . 0 0 0 LOSS TANGENT* 0 . 0 0 0 

RELATIVE PERMEABILITY* 1.000 LOSS TANGENT* 0.000 

CONDUCTIVITY* 0.000 MHOS/METER 


IMPEDANCE OF MEDIUM* 0.11913E 0£ + J O.OOOOOE 00 OHMS 


FIRST 4 WAVE NUMBERS FOR EVEN MODES 


MODE 

REAL < KM 

> 

I MAG <; km;:* 


REAL<K' 


IMAGCKY) 


1 

0.1S02.3E 

07 

0,5724 IE 

04 ; 

0.112S1E 

08 

-0.91449E 

03 

2 

0 .5406SE 

07 

0.l7t72E 

os- 

0.10064E 

08 

-0 .9226 IE 

04 

3 

0.90113E 

07 

0 .23620E 

os 

0.7021SE 

07 

“0 .36730E 

05 

4 

0.12616E 

OS 

0.4006SE 

05 

0 .94423E 

05 

-0 .53536E 

07 


FIRST 

4 WAVE 

NUMBERS FOR ODD MODES 





JODE 

real<:k:« 

> 

IMAGCKJO 


REALCK’i 

■> 


imrg(:ky> 


1 

i! 

0 .36045E 

07 

0.11448E 

05 

0.1 08 4 OE 

08 

-0 

. 38 066E 

04 

2 

0,72 09 IE 

07 

0.22S96E 

05 

0.8862 IE. 

07 

-0 

.1S625E 

05 


0.10S14E 

08 

0 .34345E 

05 

0.36S57E 

07 

-0 

.10076E 

06 

4 

0.1441SE 

08 

0.45793E 

05 

0.75057E 

05 

-0 

.S7966E 

07 


TABULATION 

OF EFFIC 

lENCY 


ANGLE OF INCIDENCE 

EFFIC lENC 

Y 

0. 

OOOOOE 

00 

0.99S17E 

02 

0. 

600 OOE 

01 

0 .9S62SE 

02 

0. 

12000E 

02 

0 ,953S6E 

02 

0. 

ISO OOE 

02 

0.90252E 

02 

0. 

240 OOE 

02 

0.S3149E 

02 

0. 

3 0 0 0 OE 

02 

0 .7461 OE 

02 

0. 

36 0 0 OE 

02 

0.65165E 

02 

0. 

42 0 0 OE 

02 

0.54912E 

02 

0, 

480 OOE 

02 

0.44206E 

02 

0, 

540 OOE 

02 

0 . 33793E 

02 

'lo, 

600 OOE 

02 

0 .342 i''3E 

02 

■ 0 , 

66 0 0 OE 

02 

0 . 15953E 

02 

0. 

720 OOE 

02 

0 .90083E 

01 

0. 

780 OOE 

02 

0. 37662E 

01 

0. 

84 0 0 OE 

02 

0 . (' 1 3 3 2 E 

00 
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FIS. B. 15 EFFICIEHCY VS. fiHSLE OF IHCIDEHCE 


TE WRVEj WftVELENSTH= 0.550 MICRDMS 

LEMSTH OF TflPER.= 10.000 MICROIHS HFiLF-lihSLE OF TRPER= 
DIELECTRIC CDMSTfiNT= 1000.000 LOSS Tfir)SENT= 0.000 

RELATIVE PERMEfiBILITY= 1.000 LOSSTflHSEHT= 0.000 

CONDUCTIVITY= 0.000 riHOS.-'METER 


5 . 0 0 0 


DESREE? 


TfiELE B.16 




r 


I 


if.:: WFIVE.- WRVELENI5TH= 0.550 MICRONS 

LENGTH OF TFlPER= 10.000 MICRONS HRLF-RNGLE OF TRPER= 5.000 DEGI^EES 
DIELECTRIC CDNSTRNT* 10.000 LOSS TRN6ENT= 0.100 

RELRTIVE PERMERBILITY= 1.000 LOSS TRNGENT= 0.000 

CONDUCT I V I T Y= 0 . 0 0 0 MHDS.-'METER 


IMPEDANCE OF MEDIUM^ 0.11S69E 03 + J 0.59197E 01 OHMS 


FIRST 5 WAVE NUMBERS; FOR EVEN MODES 


MODE 

realck; 

O 

IMAG<KX> 


reau;ky 

y 

imagcky;: 

1 

1 

0 . 17977E 

07 

0 .56793E 

05 

0.11383E 

08 . 

-0 .90493E 

04 

isi 

0 .539E5E 

07 

0.1 rc!ii!6E 

06 

0.10 073E 

08 

-0.93815E 

05 

3 

0 .89859E 

07 

0.29302E 

06 

0.70700E 

07 

“■ U . 3 1"’ c!4ii£ 

06 

4 

0.1E576E 

OS 

0 .4S404E 

06 

0 .9993SE 

06 

-0 .53368E 

07 

5 

0 . 161G0E 

08 

0 . 54443 E 

06 

U . r' 6yS r' E 

06 

-0.11443E 

OS 


FIRST 5 WAVE NUMBERS FDR ODD MODES 


MODE 

REAL ( 

^ \ 
'• ^ 

IMAG<KX> 


REALCK’i 


imr6(;ky> 


1 

0 .35953E 

07 

0.11358E 

06 

0 . 1 0844E 

08 

-0 .37658E 

05 

o 

c 

0.71894E 

07 

0.23170E 

06 

0 .S8830E 

07 

-0.18753E 

06 

3 

0 . 1 07S8E 

08 

0 .35686E 

06 

0.39186E 

07 

— 0 . 98 186E 

06 

4 

0.14.369E 

08 

0 .470S5E 

06 

0.7743 IE 

06 

-‘0.S7379E 

07 

i .5 

0 . 17948E 

08 

0.6£££7E 

06 

0 .806£6E 

06 

~ 0 . 1 385£E 

08 


TfiEULATIDN OF EFFICIENCY 

ANGLE OF INCIDENCE EFFICIENCY 


0.00 0 0 OE 

0 0 

0.99648E 

0£ 

0 1 6 0 0 0 OE 

01 

0 .9849£E 

0£ 

0. 1£000E 

0£ 

0.95849E 

0£ 

O.lSOCiOE 

0£ 

0.90067E 

0£ 

0 .£4000E 

0£ 

0i.3£989E 

0£ 

0.300 DOE 

0£ 

0. 7446£E 

0£ 

0 . 36 0 0 OE 

0£ 

0. 64937E 

0£ 

0.4£000E 

0£ 

0;.54644E 

0£ 

-x0.4S000E 

?0'.54000E 

0£ 

0.43994E 

0£ 

0£ 

Q.33598E 

0£ 

0.60 OOOE 

0£ 

0.33947E 

0£ 

0 .66000E 

0£ 

0.1 544 IE 

0£ 

0 . 7£ 0 0 OE 

0£ 

0.8447£E 

01 

0,78 OOOE 

0£ 

0.3381£E 

01 

0.84 0 0 OE 

0£ 

0 .6 07 04E 

0 0 
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Fie. 0* 15 efficiency vs. fifieLE df incidence 

XE iJfiVE? WfiVELENCTH* 0.550 MICRONS 

LENetH OF TflPER= 10.000 MICRONS : HRLF-FiNGLE OF TlRPER= 5.000 DEGREE 
DIELECTRIC CONSTANTS 10.000 ■- LO$STflNeENT= 0.100 

RELATIVE PERMEABILITY= 1.000 LOSS TANGENTs 0.000 

CONDUCTIVITY® -- - 0.000 MHDS.^METER-- 


TABLE B.17 





WAVE* WAVELENGTH= 0.550 MICRONS 

\UNGTH OF TRPER= 10.000 MICRONS HfiLF-fiNGLE OF TRF€R= 5.000 DEGREES 
DIELECTRIC CDNSTRNT= 10.000 LOSS TRNGENT= 0.100 

RELATIVE PERMEREILITV= 1.000 LOSS TRNGENT= 0.000 

CONDUCT I VITY= 0.000 MHOSvMETER 


IMPEDANCE OF MEDIUM= 0.11369E 03 + J 0.53197E 01 OHMS 


FIRST 5 WAVE NUMBERS FOR EVEN MODES 


MODE 

rerlc:k;« 


imrgc:kjo 


RERLCKY 

> 

IMflG<KY> 


1|'- 

0.16117E 

07 

0.55045E 

06 

0 . 1 1323E 

03 

— (j , (' '2245E 

05 


0.41160E 

07 

0.11315E 

07 

0 . 1 0725E 

03 

-0 .43423E 

06 

3 

0 .72359E 

07 

0 .623S2E 

06 

0 .33767E 

07 

-0.5 035 IE 

06 

4 

0 . 1 0808E 

03 

0 .39604E 

06 

0 .38815E 

07 

“0.11028E 

07 

5 

0.14409E 

03 

0 .29260E 

06 

0 .47966E 

06 

-0 .37396E 

07 


FIRST 5 WAVE NUMBERS FOR ODD MODES 


'MODE 


RERL C KX 


IMRG<.KX j' 


RERLO<Y> 


imrg>::ky::> 


1 0.2954SE 07 

£ 0.55379E 07 

3 0.90149E or 

4 0.1260GE 03 

5 0.1621 IE 03 


0.10446E 07 
0.S6059E 06 
0.43S53E 06 
0.33375E 06 
0.26146E 06 


O.llOSSE 03 
0.10040E 03 
0.70616E 07 
0.7S214E 06 
0.36342E 06 


■“ U . 2 1’’ 3 2 1’’ E U6 
“0.47467E 06 
"0.62367E 06 
-0.53793E 07 
-0.11505E 03 


TABULATION OF EFFICIENCY I 

ANGLE OF INCIDENCE- EFFICIENCY 


O.OOOOOE 

00 

i 0.9999 IE 

02 

0.60000E 

01 

i 0 19339 IE 

02 

0.12000E 

02 

j 0l95642E 

02 

O.ISOOOE 

02 

0190387E 

02 

0.24OOOE 

02 

0.33 3 33E 

02 

0.30 OOOE 

02 

0.7 43 02E 

02 

0.36000E 

02 

0.65179E 

02 

0 .42 OOOE 

02 

0.5434SE 

02 

_ 0.48 OOOE 

02 

0.44205E 

02 

(j fOi54 0 00E 

02 

0.3-5i’67E 

02 

” oj60000E 

02 

0.24053E 

02 

oJ 66 OOOE 

02 

0.15495E 

02 

Oi 72 OOOE 

02 

0 .34712E 

01 

0.73 OOOE 

02 

0.3333SE 

01 

0 .34 OOOE 

■:.02:- 

0.6>U3U5E 

0 0 
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FH3.0-17 EFFICIENCY V5. ANGLE OF INCIDENCE 


TM WAVE 5 WRVELENi5TH= 0.550 MICRONS 

LENGTH OF TflPER= 10.000 MICRONS HALF-ANGLE OF TAPER* 5.000 DEGREES 
DIELECTRIC CONSTANT* 10.000 LOSS TANGENT* O.lOO 

RELATIVE PERMEABILITY* 1.000 LOSS TANGENT* 0.000 

CONDUCTIVITY* 0.000 MHOS^'METER 



. 1 ,. 


1 


1 




. if 


TRELE B.18 

i 

TE WRVE.1 WRVELEN6TH= 0.550 MICRDNS 

ILEMGTH DF TfiPER= 10.000 MICRDHS HRLF-RHGLE OF TRF'ER= 5.000 DEGREE:; 
ID I ELECTRIC CONSTRNT= 1.000 LOSS TRNGEMT= ‘ 0.000 

r^;,LRTIVE PERMEREILITY= 1.000 LD:SS TfiN6EHT= 0.000 

t;t]NDUCTIVITY= ;3000.000 MHD;ivMETER 


tHpEDRNCE OF MEDIUM* 0.:37536E 0:3 + J 0.1S522E 02 OHMS 


p^RS 

T 7 WAVE 

NUMBERS FDR EVEN 

MODES 




' MODE RERLCKJ^ 

i 

> 

imrg(;kx> 


RERL<K'- 


imrg':;ky: 

1 

i 

1 1 

0.1774SE 

07 

0 . 1 (' 88-iiE 

06 

U . 1 1 28 (' E 

08 

-0 .23 12 IE 

05 

' £ 

0 . 53 055E 

07 

0 .56678E 

06 

0.10137E 

08 

0 . 29662E 

06 

:3 

0.86977E 

07 

0 . 1 05 08E 

07 

0.75774E 

07 

—0 . 12 06 IE 

07 

4 

0.11645E 

08 

0.14l:3;3E 

07 

0.33705E 

07 

-0.4252 IE 

07 

! 5 

0.146S1E 

08 

0.11270E 

07 

0 . 17749E 

07 

— 0 .9:3224E 

07 

6 

0.1S131E 

08 

0 .S3932E 

06 

0 . 1 0796E 

07 

-0 .14096E 

08 


0.21699E 

08 

0 .66854E 

06 

0.7S615E 

06 

-0.1S452E 

08 

FIRS 

i 

T 7 WAVE 

NUMBERS FOR ODD MODES 

1 


1 




n 

E RERLCKl'^ 

’[t 

imrG':k:«:> 


RERLtiK’i 

•‘.li 

'IMRG<KY:: 


1 

0.35428E 

07 

0.37069E 

06 

0 . 1 0S68E 

08 

-0.120S4E 

06 

2 

0.70412E 

07 

0.79182E 

06 

0 . 905 1 8E 

07 

—0.61 595E 

06 

’•f 

0.10215E 

08 

0.13023E 

07 

0 .57609E 

07 

— 0 .23 09:3E 

07 

1 4 

0.13097E 

08 

0.13110E 

07 

0 . 25386E 

07 

— 0 .67640E 

07 

5 

0.1 G'JUclE 

08 

0 .98544E 

06 

0.1:3428E 

07 

— 0 . 1 1 r' 78E 

08 

6 

0.19917E 

08 

0.743:37E 

06 

0.90703E 

06 

”0.1 6:324E 

08 

r* 

0.2:3479E 

03 

0. .607S3E 

06 

0.69570E 

06 

-0.20515E 

08 


TREULflTION OF EFFICIENCY 


ANGLE DF INCIDENCE 

EFFICIENC 

V 

j O.OOOOOE 

00 1 

0.99751E 

02 

j 0 .60000E 

01 

0 . 93655E 

02 

I 0.12000E 

02 

0.95407E 

02 

‘ O.iSOOOE 

02 

0.90150E 

02 

; 0.24000E 

02 

0 ■ 'do' 1 1 idE 

02 

' 0.30000E 

02 

0.74582E 

02 

0.36000E 

02 

0.64929E 

02 

'r^O .42000E 

02 r. 

0.54567E 

02 

i-"' ' 0 . 48 0 0 OE 

02 

0.43907E 

02 

0.54000E 

02 

0.8888i'"E 

02 

' 0.600 OOE 

02 

0.23503E 

02 

O. 660 OOE 

02 

0.1 479 IE 

02 

0 .720 OOE 

02 

0.77796E 

01 

0.730 OOE 

02 

0.29290E 

01 

0 . 340 OOE 

02 

0.47665E 

40 
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Fie. S-18 eff1CIEMCY vs. ANeLH of incidence 


TE WfiVE.. bjFlVELENeTH= 0.550 MICROMS 

LENGTH OF 'mPER= 1 0 . OOO MICRCNS HRLF-RNGLE OF TflPERa S.OOO DEGREE 
DIELECTRIC CnNSTftHT= 1.000 LCSSTflN5ENT= 0.000 

RELATIVE PERMEfiBILITV= 1.000 LOSS THH6?.Mf= 0.000 

CONDUCTIVITY- 3000.000 MHQS>-'METER - - - - - - 


TABLE B-19 





TM WflVEj WAVELENGTH= 0.550 MICRONS 

LENGTH OF TAPER= 10.000 MICRONS HflLF-RNGLE OF TfiPER= 5.000 DEGREES 
DIELECTRIC CONSTfiNT= l.OOO LOSS TANGENT= 0.000 

j '"LftTIVE PERMEflBILITV= 1.000 LOSSTfiNGENT= 0.000 

'wdNDUCT I V I T Y= 30 0 0 . 00 0 MHOS-'METER 

i , 


IMPEDANCE OF MEDIUM= 0.37536E 03 + J 0.185EEE 0£ OHMS 


FIRST 7 WAVE NUMBERS FDR EVEN MODES 


MODE 

real<:kj-= 

;> 

imag<k;=o 


REALciK’ 


IMAG<KY> 


1 1 

0.17926E 

07 

0 . 1S349E 

06 

0.112S4E 

08 

-0 .29150E 

05 

C 

0.53637E 

07 

0 .5S843E 

06 

0. 1O109E 

Oy 

~ u . y 1 223E 

06 

o 

0 .8S26SE 

07 

0 .11733E 

07 

0.74760E 

07 

-0.13853E 

07 

4 ' 

0 . 1 1559E 

08 

0.17067E 

07 

0.44303E 

07 

-0.44530E 

07 

5 

0.14484E 

08 

0.12 066E 

07 

0.1 935 OE 

07 

-0.90316E 

07 

6 

0.1S022E 

OS 

0 .853S6E 

06 

0 . 1 1 026E 

07 

-0.13956E 

08 

r’ 

0.21610E 

08 

0 . 6<6'y 2y E 

06 

U . 78 f' 0 r E 

06 

-^0 . 1S349E 

08 


FIRST 7 WAVE NUMBERS FDR ODD MODES 


ODE 

real<k: 

•C* *1 

1 ^ 

imag<:k:k> 


REAL<k’T 


imagc;k;y 


1 1 

0 . 35026E 

07 

0 .-I'yciycE 

06 

0.10S55E 

08 

—0.1 26 1 SE 

06 

2 ’ 

0.71 199E 

07 

0 . y 4yy 2E 

06 

0.S99S3E 

07 

-0 .666S9E 

06 

3 

0.1 031 IE 

08 

0.15554E 

07 

0 .5842SE 

07 

-0.27450E 

07 

4 

0 . 1 6-239E 

08 

0.9-9615E 

06 

0 . 13967E 

07 

-0.1 15S2E 

OS- 

5 

0.19915E 

08 

0.7496-5E 

06 

0.91 7 04E 

06 

-0.1619-9E 

OS 

6 

0.2341 OE 

OS- 

0.61 109E 

06 

0.70001E 

06 

-0.20437E 

OS 

'y 

1 

0 .27015E 

OS 

0.51594E 

06 

0 .56‘833E 

06 

-0.2448 IE 

08 


TABULATION OF EFFICIENCY 

ANGLE OF INCIDENCE EFFICIENCY 


O.OOOOOE 00 
0.600 OOE 01 
O.IEOOOE 0£ 
0.180 OOE 0£ 
0.24000E 0£ 
0.300 OOE 0£ 
0.360 OOE 02 
0.420 OOE 02 
Jo. 480 OOE 02 
0.540 OOE 02 
0.6 00 OOE 02 
0.660 OOE 02 
0.720 OOE 02 
- 0.-7SOOOE 02 
0.840 OOE 02 


0.99760E 02 
0.9S670E 02 
0.9541 OE 02 
0.90169E 02 
0.83149E 02 
0.74569E 02 
0.64945E 02 
0.54650E 02 
0 .4-3 y 9 E U 2 
0.33230E 02 
0 .23346E 02 
0.14746E 02 
0.7S189E 01 
0.296.93E 01 
0.48566E 00 
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FIG. B. 19 EFFICIEKCY VS d flMGLE OF INCIDENCE 


TM WflVEj WRVELENGTH= 0.550 MICRONS 

LENGTH OF TfiPER= 1 0 . 000 MICRONS HRLF-fiNGLE OF TflPER= 5.000 DEGREES 
DIELECTRIC CONSTflNT= ■ 1.000 LOSS TRNGENT= 0.000 

RELRTIVE PERMEFiEILITY= 1.000 LOSS TfiNGENT= O.OOO 

CDNDUCTIVITV= - ~ 3000.000^-^^^^^ - . >P 


TABLE B.2 0 


1 

i 






TE WfiVEj WftVELENi5TH= 0.550 MICRONS 

LENGTH OF TAPER- 10.000 MICRONS HALF-ANGLE OF TAPER= 
DIELECTRIC CONSTANT= 1.000 LDSSTANGENT= 0.000 

REL AT I VE PERMEAB I L I TV= 1.00 0 LOSS T ANGENT= 0 . 0 0 0 

CONDUCT I V I TY= 3 0 0 0 0 . 0 0 0 MHOS -METER 


5.000 DEGREES 



. 


IMPEDANCE OF NEDIUM= 0.29379E 03 + J 0.1c’077E 03 OHMS 


i , 


FIRST 

i ' 

7 WAVE 

NUMBERS FOR E' 

VEN 

MODES 




MODE 

REALCK: 

■i > 

IMAG'^KK 


real-:;ky> 

IMAG<KY> 


i i' 

0 . 1 7349E 

07 

0.13193E 

06 

0.:11292E 

08 

-0 .20268E 

05 

' £ 

0 .51333E 

07 

0 .3953 IE 

06 

0 .10187E 

03 

— 0 .2 0 1 35E 

06 

V 

0 .S5637E 

07 

0 .64452E 

06 

0 .7623 OE 

07 

— 0 . 724 06E 

06 

4 

0.11 SS9E 

08 

0.81415E 

06 

0.24184E 

07 

-0 .40024E 

07 

5 

0.15164E 

03 

0 .33o84E 

06 

0 . 12623E 

07 

-0.10017E 

08 

6 

0.1S546E 

OS 

0.75445E 

06 

0 .95694E 

06 

-0.14622E 

08 

1 7 

1 

0.22 02 IE 

08 

0 .65533E 

06 

0 . 76639E 

06 

-0.1 883 OE 

08 


FIRST 7 WAVE NUMBERS FOR ODD MODES 


MODE 

real<k:« 


IMAG<KX> 


REALCK'- 


imag-:ky: 

1 

1 

0 .3462 IE 

07 

0 .26465E 

06 

0 . 1 089 OE 

08 

-0 .34134E 

05 

c* 

0 .68993E 

07 

0.5256 IE 

06 

0 .91292E 

07 

- 0 .39723E 

06 

o* 

0 .1 0234E 

OS 

0 .7454 IE 

06 

0 .53273E 

07 

-0.14319E 

07 

4 

0.13517E 

08 

0 . 8,3327E 

06 

0 .15347E 

07 

-0 .733S7E 

07 

5 

0 . 16845E 

08 

0 .S0073E 

06 

0 . 1 0S77E 

07 

-0.12401E 

08 

6 

0 .20275E 

08 

0 . 7 0438E 

06 

0.S5225E 

06 

-0.16757E 

08 

1* 

0 .23772E 

08 

0.61020E 

06 

0 .69573E 

06 

-0 .20S50E 

08 


TABULATION OF EFFICIENCY 
i ANGLE OF INCIDENCE EFFICIENCY 


D' 


O.OOOOOE 00 
0.60000E 01 
O.jlE'OOOE OS 
0 .IlSOOOE 02 
0.24000E OS 
0.30000E 02 
O.bsOOOE iOS 

0 .42000E 02 
0.48000E 02 
0 .5400GE 02 
0.60 OOOE 02 
0.66000E 02 
0.72 OOOE 02 
0.7S000E 02 
0.S4 000E 02 


0 .99700E 
0 .9S605E 
0.9536 IE 
0 L901 07E 
0 1S3080E 
0 . 74569E 
0 . 64939E 
0 . 54624E 


OJ 

0 j 


44047E 
336 14E 

U J 23 1" 3 1 E 

0.15074E 
0. 3022 IE 
0 .30790E 
0 .5162 OE 


02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
01 
01 
0 0 


77 
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FI 5. B. 20 EFFICI ENCY VS . 

TE WAVE > WAVELENGTH* 0 .550 MICRDNS 

LENGTH OF TAPER* 10.000 MICRONS 
DIELECTRIC CONSTANT* 1.000 

RELAT I VE PERMEABT L I T V = 1.0 0 0 

CONDUCTIVITY* 30000.000 MHOS/METER 


ANGLE OF INCIDENCE 


HALF-ANGLE OF TAPER* 5.000 DEGREES 
LOSS TANGENT* 0.000 

LOSS TANGENT* 0.000 

78 . 




TABLE B .21 

TM UIAVEj WflVELEMGTH= 0.550 MICRONS 
LENGTH OF TflPER= 10.000 MICRONS 
DIELECTRIC CDNSTfiNT= 1.000 
RELATIVE PERMEAEILITV= 1.000 
CONDUCT TV I TY= 3 0 0 0 0 . 0 0 0 MHDS.- METER 


HALF-ANGLE OF TAPER= 
LOSS TANGE NT= 0.000 

LOSS TANGENT= 0.000 


5.000 DEGREES 


IMPEDANCE OF MEDIUM= 0 . 39379 E 03 + J 0 . 13077 E 03 OHMS 


FIRST 7 WAVE NUMBERS FDR EVEN MODES 


MODE 


REAL<K:=C' 


iMAGac-:;.'' 


REALCKYii 


IMAGCKV:? 


0 . 1 S 663 E 07 
0 . 56576 E 07 
0 . 1 0005 E 03 
0 . 1401 OE 03 
0 . 17736 E 03 
0 . 31 4 09 E 03 
0 .ES 047 E 03 


0 .E 17 S 9 E 06 
0 . 71193 E 06 
0 . 11 136 E 07 
0 . 79376 E 06 
0 . 60323 E 06 
0 . 4958 SE 06 
0 . 41952 E 06 


0 . 1 1 d r' 3 E 
; 0 . 99534 E 
0 . 593 45 E 
0 . 135 S 7 E 
0 . 79457 E 
0 . 50625 E 
0 . 47139 E 


0 . 36073 E 05 
0 . 40447 E 06 
0 . 13 S 59 E 07 
0 ■ 3 1 ‘c' 52 E 07 
0 . 13576 E 0 £! 
0 . 1 S 109 E 03 
0 . 2229 IE 03 


FIRST 7 WAVE NUMBERS FDR ODD MODES 


MODE real«:k:k> 


IMAGO<X> 


realcky::- 


imagery;:' 


U . J f' 33 4 E 0 ('■ 
0 . 7700 SE 07 
0 . 12073 E 08 
0 . 15 S 93 E 08 
0 . 19577 E 08 
0 . 23232 E 08 
U ■ d 6 8 6 ' v' E U 8 


0 . 44772 E 06 
0 . 1 0237 E 07 
0 . 9374 IE 06 
0 . 6" 8 8 3 9 E 0 6 
0 . 54614 E 06 
0 . 45430 E 06 
0 . 3 S 964 E 06 


0 . 10807 E 08 
0 .S 5500 E 07 
0 . 24937 E 07 
0 . 98816 E 06 
0 . 6723 IE 06 
U . 5 d 1 7 OE 06 
0 . 43049 E 06 


- 0 . 15467 E 06 
I- 0 . 9220 IE 06 
i- 0 . 45385 E 07 
- 0 . 11072 E 08 
- 0 . 15903 E 08 
- 0 . 20230 E 08 
— 0 . 243 ! 17 E 03 


T AEUL AT I ON OF EFF I C I ENCY 


ANGLE OF INCIDENCE 


EFFICIENCY 


0 . p 0 
0 .60 
0.12 
0.1 S 
0 .24 
0 .30 
0 . 36 
0.42 
0.48 
0.54 
0 .60 
0 . 66 
0 .72 
0 .78 
0.84 


0 0 OE 0 0 
0 0 OE 0 1 
OOOE 02 
0 0 OE 02 
OOOE 02 
0 0 OE 02 i 
OOOE 02 
OOOE 02 
OOOE 02 
OOOE 02 
0 0 OE 02 
OOOE 02 
OOOE 02 
OOOE 02 
OOOE 02 


J 99352 E 02 
J 98751 E 02 
. 955 07 E 02 
190254 E 02 
133202 E 02 
17466 IE 02 
164988 E 02 
. 54577 E 02 
. 4 :^ 8 S 2 E 02 
. 33365 E 02 
. 23502 E 02 
i 1 48 0 (■* E Od 
. 78 GS 6 E Oi 
. 29550 E 01 
. 48477 E 00 
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F I G . 0 ‘ 2 1 EFF i C I EMCY VS . 

TM WAVE? I.Ji=lVELENGTH= 0.550 MISRDNS 

lEHGTH of TfipER= 10.000 HICF;ONS 
DIELECTRIC COHSTRtiT= 1.000 

RELRT I VE PERMEftB I L I TY= 1.00 0 

COliDUCT I V I TY= 3 0 0 0 0 , 0 0 0 MHDS^'NETER 


RMGLE OF I MCI DEUCE 


HflLF-flMGLE OF TPIPER= 5.000 DEGREE 
LOSS TFlNGEMT= 0.000 

LOSS TRMGENT= 0.000 


1 I 1 11- 1 , 1 f i 

TABLE B.22 

TE WRVEj WRVELEN6TH= 0.550 MICRONS 

LENGTH OF TflPER= 10.000 MICRONS HALF-RNGLE OF TAFER= 5.000 DEGREES 
DIELECTRIC CONSTANT* 1.000 LOSS TANGENT* 0.000 

i| :LAT I VE PERMEABILITY* 1.000 LOSS TANGENT* 0.000 

CONDUCT IV I TY= 3 0 0 0 0 0.00 0 MHOS^-METER 


IMPEDANCE OF MEDIUM* 0.SSGS4E 02 + J 0.801 ISE 02 OHMS 
FIRST 7 WAVE NUMBERS FDR EVEN MODES 


MODE 

real*;k:^ 


IMAGCKX> 


REAL C K’v 


IMAGCKY> 


1 

0.17637E 

07 

0 .4079SE 

05 

0.11237E 

08 

-0.63749E 

04 

2 

0 .52S96E 

07 

0 . 12119E 

06 

0 .101 27E 

08 

■“ 0 . 6s3 OiiE 

05 

3 

0 .83122E 

07 

0.1 98 1 6E 

06 

0.72767E 

07 

-0 .2399SE 

06 

4 

0 . 1233 OE 

08 

0 .26875E 

06 

0.70732E 

06 

-0.46847E 

07 

5 

0 . 15843E 

08 

0 .34599E 

06 

0.499 12E 

06 

-0.1 09S2E 

08 

6 

6 . 18368E 

08 

0.4 039 IE 

06 

0.50 01 OE 

06 

-0.15642E 

08 

7 

0 .22863E 

08 

0 .45185E 

06 

0.52159E 

06 

-0.19S06E 

08 


FIRST 7 WAVE NUMBERS FOR ODD MODES 


IDD,E 

REAL<KX 

1 


IMAG<KX> 


reaL';;k’i 


imaG';:ky;: 

1 

1 , 

Q .35269E 

07 

0 .81243E 

05 

0 . 1 086 6E 

08 

—0 .26369E 

05 

2 

0.70514E 

07 

0.16 02SE 

06 

C.89903E 

07 

-0.12571E 

06 

3 : 

0.10572E 

08 

0 .23446E 

06 

0 .4373 0E 

07 

-0 .5668 IE 

06 

4 

0.140S7E 

08 

0.31560E 

06 

0 .538 66 E 

06 

-0 .S2536E 

07 

. 5 

0.17598E 

08 

U . 3 (’ 5y4E 

06 

0. 49396 E 

06 

-0.13389E 

03 

6 

0.21124E 

08 

IJ .43038E 

06 

0.51160E 

06 

-0.1 777 OE 

08 

< 

0 .24619E 

08 

0 .476 0 OE 

06 

0 . 53 1'' 32E 

06 

-0 .2181 OE 

08 


TABULATION OF EFFICIENCY 

ANGLE OF INCIDENCE EFFICIENCY 


0 . OOOOOE 

0 0 

0.9968 IE 

02 

0 . 6 0 0 0 OE 

01 

0.93534E 

02 

0.12 OOOE 

02 

0.95296E 

02 

0 .180 0 0E 

02 

0.901 04E 

02 

0.24 OOOE 

02 

. 0.33032E 

02 

0 .3 0 0 0 OE 

02 

0.74527E 

02 

0 . 36 0 0 OE 

02 

0.64999E 

02 

0 .42 0 0 OE 

02 

0.5469SE 

02 

0 .43 0 0 OE 

02 

0 .44033E 

02 

0 .54 0 0 OE 

02 

0.3374 IE 

02 

0 .6 0 0 0 OE 

02 

0 .24 122E 

02 

0 .;66 0 0 OE 

02 

0.15583E 

02 

0 .72 OOOE 

02 

0.852 HE 

01 

0 . 78 0 0 OE 

02 

0 .33975E 

01 

0 .84 OOOE 

02 

0 .60442E 

llTl 
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FIG. B..22EFFlCIEnCY VS . fiNGLE QF IMC4DENCE 
TE WflVEj WfiVELEhGTH= O.SSO niCRQHS 

LENGTH OF TflPER= lO.OOO MICRONS HftLF-RNGLE OF TRPER= S.OOO DEGREE 
DIELECTRIC CDNSTFiNT= l.OCiO LOSS TflNGENT= 0.000 

RELPiT I VE PERMEfiE I L I T Y= 1 .0 0 0 LOSS TflNGENT= 0 . 0 0 0 

CONDUCTIVITY= 300000,000 MHDS."NETER 


TABLE B.23 






Tt1 WAVE.- WAVELEN6TH= 0.S50 MICRDHS 
LENGTH DF TAPER= 10.000 MICRDHS 
D I ELECTR I C CONST ANTs 1.00 0 

: [ :lat I ve permeab i l i ty= i . o o o 

CONDUCT I V I TY= 3 0 0 00 0 . 0 0 0 MHDS.- METER 


HALF-ANGLE OF 
LOSS TAN6ENT= 
LOSS TANGENT= 


TAPER= 

0 . 0 0 0 

0 .000 


5.000 DEGREE 


IMPEDANCE DF MEDIUM= 


0.S8624E 02 J 0.S0118E 02 OHMS 


FIRST 

7 WAVE 

NUMBERS FDR EVEN 

MDDES 




MODE 

REAL(K>i 

:> 

IMAG'%KX!> 

REALCK'i 

S' 

IMAGCKY) 


1 i 

IJ . 2253i^E 

07 

0.68 07 IE 06 

0;.11220E 

08 

-0 . 1326SE 

06 

c 

0 .St'UdSE 

07 

0 . 445 1 6E 06 

0.92092E 

07 

IJ , i'' y6E 

06 


0.1 0547E 

08 

0.29043E 06 

0.44522E 

07 

-0 .688 04E 

06 

4 

0 . 1421SE 

08 

0.21664E 06 

0 .36369E 

06 

— 0 .S4693iE 

07 

5 

0 . 17865E 

08 

0.17119E 06 

0 .22265E 

06 

-0.13735E 

08 

6 

0.21497E 

08 

0.14265E 06 

0 . 16839E 

06 

-0.1821 OE 

08 

r* 

0.25120E 

08 

0.1 2226 E 06 

0.13727E 

06 

— U .22872E 

08 

FIRST 

7 WAVE 

NUMBERS FDR ODD MODES 




- 1 lODE 

real';k:=< 


IMAG^KX:^ 

REAL'::K^ 


IMAGCKY) 


1 i 

Cl . 26364E 

07 

0.25075E 07 

0.1 141 OE 

08 

-0.5794 IE 

06 

2 

0.47704E 

07 

0.61295E 06 

0 . 1 0402E 

08 

- 0 . 28 1 1 OE 

06 


0 .86S56E 

07 

0.35104E 06 

0.74404E 

07 

-0.4 0979E 

06 

4 

0 . 123S9E 

08 

0.24763E 06 

0 .63516E 

06 

— 0 ,483 02E 

07 

5 

0.18044E 

08 

0.1 9 02 IE 06 

0 .27086E 

06 

-0.1 1267E 

08 

6 

0 . 1 9682E 

08 

0 . 1 5562E 06 

0.19110E 

06 

-0.1 6 02SE 

08 


0 .23309E 

08 

0.13167E 06 

0.15105E 

06 

-0 .2031SE 

08 


TflEULATIDN 

□F EFFIC 

lENCY 


ANGLE DF INCIDENCE 

EFFIC lENC 

Y 

0 . OOOOOE 

00 i 

0 . 9993 SE 

02 

0 . 60000 E 

01 i 

0 . 988 4 OE 

02 

0 . 12000 E 

02 

0 . 95595 E 

02 

0.18 0 0 OE 

02 

0 . 9 032 OE 

02 

0 . 24000 E 

02 

U • y •!' c! *4 5 E 

02 

0 . 30000 E 

02 

0 . 74766 E 

02 

0 . 36 0 0 OE 

02 

0 . 65152 E 

02 

0 . 42 0 0 OE 

02 

0 . 54794 E 

02 

- 0 . 48000 E 

02 

0 . 44217 E 

02 

0 . 54 0 0 OE 

02 

0 . 33883 E 

02 

0 . 60 OOOE 

02 

0 . 24191 E 

02 

0 .66 0 0 U E 

02 

0 . 1556 SE 

02 

0 . 72 0 0 OE 

02 

0 . 84744 E 

01 

0 . 78 0 0 OE 

02 

0 . 336 1 OE 

01 

0 . 84 OOOE 

02 

0 . 59227 E 

0 0 
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FIG. B - 23 EFFICIENCY VS, ANGLE OF INCIIiENCE 
TM WAVE? WAVELEMGTH= 0.550 MICRONS 

LENGTH DF TAPER= 10.000 MICRONS HALF- ANGLE OF TRPER= 5.000 DEGREES 

DIELECTRIC CDNSTANT= :.v 1.000 LOSS TANGENT= 0.000 

RELATIVE PERMEAB I LITV= l.OOO LOSS TANGENT= 0.000 £ 

CONDUCT I V I TY= 3 00000.0 0 0 MHOS.- METER 









♦♦♦ HE0.IEC1 ♦♦♦ 

I 


1 0 £••■■■ 7 6 


PfiGE- 


100 PERL LjMURELjKO 

,1! 1 0 COMMON / GEO.-- L j WfiVEL j RLPHR j THETR :• THSTDP »TH I NC 
ij- i£0 COMMON .' MRT.-- EPSREL !>MUREL jTfiN jTRNMRG jS IG 
'll 3 0 COMMON Wfl VENx- K 0 j NTERMS j KXC C S 0 > j K VC < £ 0 > . KXS < £ 0 j K YS < £ 0 > 
lUo COMMON .•• KEYS.-' ITfiB.^UIRV 
lISO COMMON .•-•PERE.-' I TYPE 
liGO COMPLEX KXC-.KYCjKXSi.KYS 
i?0 IiRTR PIjC--' 3.14159£6.54 5£.9’37S£456E8.-- 
lISO URITE 0 ?j100> 

ll 9 0 1 0 0 FORMRT < IX j GEOMETRIC PRRfiMETERS '' j j 5X j 

£00 +••• LENGTH OF WEDGE IN MICRONS 

210 RERD <9j110> L 

2£0 110 FORMRT c;3F13.0> 

£30 L=L^l.E-6 
£40 WRITE (;9»1£0> 

250 1£0 FORMRT .;SX j - HRLF-RNGLE OF WEDGE IN DEGREES > 

£60 RERD ';:9j110;. RLPHR 
£70 RLPHR=RLPHR^PI.--180 
£3 0 WR I TE 9 .» 1 3 0 > 

£90 13 0 FORMRT c! .5X j - RNGLES OF INCIDENCE IN DEGREES -SSTRRT j STOP j STEP 
300 RERD .:;9j110> THETR jTHSTOP jTH INC 
310 THETR=THETR^PI.-'1S0 

3£ OIF RBS C THSTOP-9 0 . LE . 0 . 1 > THSTDP=S9 . 9 
330 THSTOP=THSTOP->PI.--1SO 
340 THINC=THINC^PI--1S0 
350 WRITE ':;9j140> 

r360 140 FORMRT <5X j ^ WRVELENGTH IN MICRONS > 

1 137 0 RERD 9 j 1 1 0 > WR VEL 
380 WRVEL=WRVEL^1 .E— 6 
390 WRITE C9j150> 

4 0 0 1 5 0 FORMRT I X j /• j 1 X j •- MRTER I RL CONSTANTS j j 
410 +5Xj - DIELECTRIC CONSTANT - > 

420 RERD C9j 110> EPSREL 
430 WRITE <;9 3l60> 

440 16 0 FORMRT (ISXj' LOSS TANGENT 
450 RERD C9j110;:. TRN 
460 WRITE <!9j170> 

470 170 FORMRT ^SX j 'RELATIVE PERMERB I LI TY > 

4S0 RERD -;:9j110> MUREL 
490 WRITE .:9j180> 

500 ISO FORMAT <5X j "MAGNETIC LOSS TANGENT " > 

.510 RERD .;9j110> TRNMRG 
520 WRITE <:9j190> 

530 190 FORMRT .;;5Xj ' CDNriUCTIVITY IN MHOS.-'METER " > 

540 RERD .;:95ll0;:. SIG 
550 WRITE <9 j£00> 

560 £00 FORMRT aX j -'/ j IX » ' TE OR TM TYPE WAVE? <1 OR £?> ' > 

570 RERD .;9j£ 10::' I WAV 
580 £10 FORMRT CIlO::- 
590 RPER=£*L^S IN-' RLPHR ;;-.-'WfiVEL 
600 I..JRITE *%9 j££0!> RPER 

|T|10 £2 0 FORMAT Cl X j .-'.-' j IX j "APERTURE IS 'jF8.3j'' WAVELENGTHS ACROSS'' j 
'-*6£0 +.•'• j1Xj''NIJMEER OF MODES •'> 

630 READ <9j£ 10> NTERMS 
640 WRV=I..JflVEL'' I .E~6 
650 TfiPER=L.-'l .E-6 
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66i:i ALPH=ALPHA'*'1S0--PI 

670 IF <• IWAV .EQ . 1 WRITE 0?!»300!5 WR'i 


. i 680 

lUb 

7 0 0 
710 
7£p 
730 
740 
750 
760 
770 
780 
790 
800 
810 
8£0 
830 
840 
850 
860 
870 
380 
890 
900 
910 
9£0 
i ' po 
■ Mo 

950 
96 0 
970 
98 0 
990 
1000 
1010 
lp£0 
1030 
1040 
1050 
1 06 0 
1070 
1080 
1090 

lioo 
1 i 1 0 

li£0 

liso 

li40 

1150 

li60 

1170 

(1^0 

"1190 

1£00 

1£10 


IF ';;iWflV.EQ.£> WRITE C 9.-40 O!:- WAV 

WR I TE C 9 j 5 0 0 > TAPER y ALPH EPSREL y TAN y MUREL y T ANMRG y 3 1 G 

300 FORMAT y£5X y ■• TABLE'' y.--'.-'i:K y •'TE WAVE y WAVELENGTH= •' .- 

+F8.3y" MI CRONS ••■;:• 

4 0 0 FORMAT < 1 X £5J^ y - TABLE •■' .-•.••• y 1 X ■•' TM WAVE y W A VELEN6TH= '' 

+FS.3y" MICRONS-' > 

500 FORMAT aX.- "LENGTH OF TAPER= "yFS.Sy" MICRONS'' y-5X y 
+ •" HALF-ANGLE OF T APER= •" FS . 3 - '' DEGREES •' y / y 1 X y " D I ELECTR I C CONSTANT 
+FS . 3 y 9X y •" LOSS T ANG£NT= •' F8 . 3 y •••' y 1 X y ' RELAT I VE '' y 
+ •" PERMEAB I L I TV= y F8 . 3 y 7X y •' LOSS TANGENT^ -• y F8 . 3 y/ y 1 X 
+ 'CDNDIJCTIVITY= 'yF8.3y'' MHDS.''METER'‘ > 

CALL WAVNUM<IWAV> 

CALL CHAIN < " SE6£ y > 

STOP 

END 

♦ 

♦ CALCULATE WAVE NUMBERS FDR BOUND MODES 


SUBROUTINE WAVNUM':! I WAV> 

COMMON /GEO.-' L .-WAVEL .-ALPHA y THETA 
COMMON .-MAT.-- EPSREL y MUREL y TAN yTANMAG .-SIG 

COMMON .^ w AVEN-' K 0 y NTERMS .- KXC < £ 0 > y K YC C £ 0 ;> y KXS < £ 0 y K YS C £ 0 > 

REAL K 0 .- L y MUREL y MU 0 

COMPLEX .J y ET A y WE VEN .- WDDD y CSQRT y KXC y KYC ? KXS y KYS y Z 

DATA PlyCyETAO •••' 3 . 14 T 59 £ 6-54 y£ . 9979 £ 456 ES .--376 .73 04 .--^ 

DATA EPSOyMUO .••••S.S 541 S 5 E-l£.-l£. 566371 E- 7 .-' 

.J=CMPLX':; 0 . yl 

K 0 =£^PI.-'WAVEL 

OMEGA=C^K 0 

ET A=CSQR.T < •" MU O^MUREL^ <'. 1 -.J+TANMAG > > C EPS 0 -^EPSREL^ < 1 --J^TAN > -.J^S I G.-' 
+DMEGA!>) ■ ' 

T 1 =L^SINCALPHA> 

T£=K 0 ^T 1 I 

IF <:iWAV.EQ.l> WEVEN=..!^ETAO.-'ETA^T£ 

IF aWAV.EQ.£;« WEVEN=.J^ETA.-ETAO^T£ 

IF CIWAV.EQ.i:? WDDD=-.J^ETAO-'ETA^T£ 

IF aWAV.EQ.£> WODDs-..I^ETA.''ETAO-*T£ 

ICDUNT =1 

N =0 

100 CONTINUE 
N=N +1 

CALL ZTANZCNyWEVENyZyERRR;:' 

IF •:;REALc;Z> .LT. 0 .> GO TO 100 
KXC Cl COUNT >=Z.-'T 1 

IF CICOUNT.GT.l .AND.CAESCKXCCICDUNT>-KXCCICDUNT- 1 >>.LE. 

+. 0 1 *C AES C KXC Cl COUNT >>> GO TO 100 
KYCC ICOUNT>=CSQRTCK 0 ^^£-KXCC ICDUNT>«^£> 

IF CREALCKYCCICOUNT>> .LT.O.;- KYCCICOUNT>=-KYCC ICOUNT> 
ICDUNT=ICOUNT+l 

IF Cl COUNT. LE. NTERMS GO TO 100 

ICOUNT=l 

N =0 

£00 CONTINUE 
N=N +1 


1 


li 

♦♦♦ I 

MEWECl ♦♦♦ 

r 

B 

ii; 

lEEO 

CALL ZCOTZ 

ill 

1E30 

IF CREALCZ 

H 

B ^4 0 

K':^^SaCDUMT 


^m1£50 

IF <ICOUMT 

r| 

1E60 

+ .Ol^CABSCI 

H 

1E70 

KYSCICDUMT 


1E3 U 

IF <real<;k' 


1290 ICOUNT=ICOUMT+l 

1300 IF acmiMT.LE.MTERMS> 6D TD £00 

1310 WRITE •:;9i.300> ETR ! 

1320 300 FORMAT aX j 1^1 IMPEDAMCE OF MEDIUM= 'jE1£.5j'’ + J - i.ElE.S.- 
1330 + ••■ OHMS 

1340 WRITE •;;9j400> MTERMS 

1350 400 FORMAT < IJ^I j - FIRST ••'jI 4!>'' WAVE HUMEERS FOR EVEN MODES - j > 

1360 WRITE <9j450:;' 

1370 450 FORMAT j - MOriE'' .i4:K j - REAL^KJO -.5X ? '' IMA6<K>i> > - REALCKY;' •- j 
1330 +5J=:f - IMA6<:KV>-‘ > 

1390 DO 600 M=li. MTERMS 

1400 WR I TE 9 5 5 0 0 > M > KXC M > ? KYC <■. M > 

1410 500 FORMAT a.Y j 14 »4<;£X jEIE .5> > 

14£0 600 COMTIMUE 

1430 WRITE <9j700> MTERMS 

1440 700 FORMAT < i:==: j. •-.••• j IX > -'FIRST •-? I4-.-‘ WAVE MUMEERS FDR ODD MODES -' j. 
1450 WRITE <;9 j450> 

1460 DO 800 M=1 -.MTERMS 
1470 WR I TE < 9 J 5 0 0 > M » KXS < M > j KYS < M 
T4S0 300 COMTIMUE 
i T90 RETURM 
1500 EMD 
1510 

15£0 ♦ THIS SUERDIJTIME FIMDS APPRD>aMATELY THE MTH ROOT OF THE 
1530 ♦ EQUATIDM Z^TAM<Z>=W 
1540 ♦ 

1550 SUERDIJTIME ZTAMZ<M jW 5 Z jERRR> 

I56 O LOMPLEI-’-i Z 5 W !>CsQRiT jZI !>Zc jZo !*Z4 jUl !>U£ .-.US !.ij4 !.C3'J !.C44 
1^70 REAL MUDJjMMUDJ 
1580 CDMMDM .'-PERE.^' I TYPE 
1590 DATA PI .'-3. 14 1592654/ 

1600 I TYPE- 1 
100 M=M-1 
16|£0 ♦ 

16|30 ♦ CHECK FDR EASY SDLUTIDMS FIRST 
16;40 ♦ 

16j50 IF OjABS'IW]> .LT « »1^M^PI !> GO TD £0 

16|60 IF 0:AES';W> .6T .10^<£^M-l>^PI.--£> GO TO 30 

1670 ♦ 

16!S0 ♦ EXPAMSIOMS ABOUT LIKELY PDIMtS 
1690 ♦ 

17j00 T1=M^PI 
171 0 Cl=l+W/£ 

170 Zl=Tl + C-Tl+CSQRT<:Tl^^£-f4^W^Cl >>/(£^ei > 

/ I d— E^M"^ 1 ♦F' I cl 

^ -.74 0 C£=W+1 

1750 Zcl— TE+ '1, L'2~CSQRT *1. LE^^E+E^TE^^S ? •■•■'TE 
1760 T3-<4^M+l>^PI/4 
1770 C3=l+W 


. U 


r 


♦♦♦ NEUECl ♦♦♦ 


1780 

1790 


1810 
18£0 
1830 
1840 
1850 
I 860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
£000 
£010 
20£0 
£030 
04 0 
i: :j 50 
£060 
2070 
£080 
£090 
£100 
£110 
£120 
£13 0 
£140 
£150 
£160 
£170 
£180 
£190 
£200 
£210 
£££0 


C33=l + 0,..l-T3 >.'••£ 

Z3=*T3+ ~ ( C3+T 3 y +CSQRT K •' C3+T3 ) ♦♦£+4^C33* '•! W+T3 y y !•* £-*C33 !•* 

T4='::4^M+3>^PI.-'4 

C4=1+I.<J 

C 4 4 = 1 + C W + T 4 > £ 

Z4=T4+<; ':;C4-T4>-CSQRTC |•■C4-T4:;'♦♦£-^•4♦C44♦'i:W+T4> > >/«;£4’C44> 

ERRl=ERRTfiNt;Zl 

ERR£=ERRTflN<Z£.»t...i;:' 

ERR3=ERRT AM Z3 » W > 

ERR4=ERRTRNt;Z4 5W> 

ERRR=fiMINl CERRl !.ERR£ -.ERR3 jERR4> 

IF CERRR.EQ.ERRl) Z=Z1 
IF -::ERRR.EQ.ERR£> Z=Z2 
IF <ERRR.EQ.ERR3> Z=Z3 
IF <ERRR.EQ.ERR4> Z=Z4 
♦ 

♦ IMPROVE SOLUTION EY PERTURBATION 

♦ 

Nuru=.i 
NNuru=" . 1 
ICDUNT=1 
10 CONTINUE 

I F <: ERRR . LE . . 0 1 ♦CABS C W > . OR . I COUNT . 6E . 1 4 > RETURN 
CALL REF I NE C Z ;• W ERRR » NUD J 0 . > 

CALL REFINE ^Z j W jERRR .-NNUDJ 0 . 

CALL REFINE <Z jW 5 ERRR j 0 . ;*NUD..I> 

CALL REFINE CZ jW jERRR y 0 . »NNUDJ> 

NUriJ=NUrU.-£ ‘ 

NNUDJ=NNUrU.-£ 

ICDUNT=ICDUNT+1 
GO TO 10 
£0 CONTINUE 

Z= (.■ N^P I > ♦♦£ + w > t; N^P I > 

errr=errtan(;zjW> 

RETURN 
30 CONTINUE 

Z= £>M- 1 > ♦P I .■••■£^W^- < 1 +W > 

errr=errtan<;z!.w::' 

return 

ENII 

♦ 

♦ THIS SUBROUTINE FINDS APPROKIMATELV THE NTH ROOT OF THE 

♦ EQUATION Z^COT<Z>=U 

♦ 

SUBROUTINE ZCOTZCN j W jZ jERRR) 

CDMF‘LEI='=I Z jW jCSQRT jZI jZ£ !>C1 jC£ 

REAL NUDJjNNUDJ 
COMMON .'-PERE.-- ITYPE 
DATA PI /3.141592654-- 
ITYPE=£ 

5 CONTINUE 


♦ CHECK FDR “EASY SOLUTIONS FIRST 


£ 3 £IJ 

£330 


IF <:CAES<W> .LT. .l^<£^N-i::-^PI.-£> GO TO £0 
IF <;CAES<W;:> .GT.10^N^PI> GO TO 30 


1 
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♦♦♦ NEWEC 1 ♦♦♦ 


^ £340 ♦ 

P350 ♦ e;kpansi.qhs about likely PDIMTS 

^ V so ♦ • 

; £370 T1=M^PI 
£380 Cl=l-W 

i £390 Z1=T1 + (;C1-CSQRT(;C1^^£+£^T1^^£>>.--'T1 
: £400 T£=<;£^N--i;'^PI/£ 

£410 C£=£-W 
: £4£0 2£=T£~W/T£ 

: £430 IF c:W.NE.2.> 2£=T£+':>T£+C3QRT<:T£^^£-£^W#C£'J' ;j/C£ 
£440 ERR1=ERRC0T';21jW;' 

£450 ERR£=ERRCOT<Z£jl..i> 

£460 ERRR=AMINKERR1 !.ERR£> 

£470 IF <ERRR.EQ.ERR1> Z=Z1 
£480 IF t;ERRR.EQ.ERR£> Z-Z£ 

£490 ♦ 

£500 ♦ IMPROVE SOLUTION BY PERTURBATION 
, £510 ♦ 

! £5£0 NUDJ=.l 

: £530 NNUDJ=-.l 

■ £540 ICDUNT=1 
; £550 10 CONTINUE 

£560 IF CERRR.LE. .01^CABS>a.j::'> RETURN 
£570 CALL REFINE ^ZjW jERRR jNUDJy0.> 

£580 CALL REFINE <Z jW .-ERRR fNNUDJ j 0 . > 

£59 0 CALL REF I NE < Z j W j ERRR > 0 . j NUD J > 

/'"• b 0 CALL REF I NE < Z W j ERRR > 0 . j NNUIU > 

, WiO NUDJ=NUIIJ.--£ 

, £6£0 NNUDJ=NNUIiJ/£ 

! £630 ICDUNT=ICOUNT+l 

: £6^0 IF aC0UNT.LT.14> 60 TO 10 

£650 ♦ 

£66 0 ♦ IF NTH ROOT DDES NOT E:«;IST CN-t-DST ROOT IS FOUND 
! £670 ♦ 

^ £680 N=N+1 

£690 GO TO 5 
i £700 £0 CONTINUE 

£7 10 Z= C C £^N- 1 ♦P I .••• £ > ♦♦£-!..] > C C £^N- 1 > ♦P I .' £ > 

£7£0 ERRR=ERRC0T':;Z!.W> 

£780 RETURN 

; £740 30 CONTINUE - V _ 

£750 Z=W^N^PI.''(;W-1> 
i £760 ERRR=ERRCOT<ZjW> 
j £770 RETURN 
£780 END 

£790 SUBROUTINE REFINECZf.W.'.ERRRjTK-.Ty) 

£800 COMPLEX Z?W,ZNEW 
I £810 COMMON .■•-PEREx- ITYPE 
£S£0 10 CONTINUE 
£8-ii0 X— RlE AL Z 
£840 Y=AIMAG<2> 
i ri50 XNEW=X^a+TX> 
li860 YNEW=Y*< 1+TY ) 

£870 ZNEW=CMPLX(:XNEW!.YNEW> 

£880 IF aTYPE.EQ.i:;* ERRNEW=ERRTAN':;ZNEW 
£890 IF aTYPE.EQ.£> ERRNEW=ERRCOT<ZNEW.'.W> 




. _ __ 


♦♦♦ NEWECl ♦♦♦ 


1 1.-'0£/-76 


F'flGE- 


2900 
2910 
■'20 
^^'330 
2940 
2950 
296 0 
2970 
2980 
2990 
3000 
3010 
3020 
3030 
3040 
3050 
3060 
3070 
3 08 0 
3090 
3100 
3110 
3120 

siso 

3140 
3150 
..^^■160 
l |70 
3i80 
3190 
3200 
3210 


IF (lERRNEW.SE.ERRR^ RETURN 

ERRR=ERRNEW 

Z=ZNEW 

130 TO 10 

END 

♦ 

♦ ERROR CflLCULflTIDN FDR Z^TflN<;Z>=W 

♦ 

FUNCTION ERRTRN<Z 
COMPLEX Z tW -.CCDS jCS IN >. J 
DRTfl PI .'••5.141592654X- 
J=CMPLX<:0 .j1.> 

Tl=RIMfii3(:Z> 

IF <; T 1 . 6E . 35 . > ERRTRN=CRES < J^Z-W > 


IF -::T1.LE.-3! 


ERRTRN=CRBS < J^Z+W > 


IF c;rbS':T 1> .LT.35.> ERRTRN=CRES<;Z^CSIN';Z>-l.a*-CCOS'CZ> 

RETURN 

END 

♦ 

♦ ERROR CRLCULRTION FDR Z*CDT<Z>=W 

♦ 

FUNCTION ERRCDT';:Z.-W;:* 

COMPLEX ZyUI jCCDS jCSINjJ 
DRTR PI .^•3.14159£654.-- 
J=CMPLX':; 0..»1.> 

Tl=RIMRi5':;Z> 

IF T 1 . GE . 35 . !•' ERRCOT =CRBS Z- J♦W > 

IF <Ti . le.-35.:j errcdt=cres<;z+jh.i> 

IF CRBS^Tl > .LT .35 . > ERRCDT=CRBS<:ZCCDS';Z>-I..J^CSIN<Z> 

I F CABS < Z > . LE . . 05 > ERRCDT=CRBS C 1 -W 

RETURN 

END 
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100 

: 110 

I 

^ i30 
’ 140 
150 
: 160 
170 
180 
180 
' £00 
i £10 

' ;k£0 

i £30 


REAL LjKOjMIJREL 

CDMMDh .-'GEO^- L yWAVEL .-fiLPHfi jTHETfl S.THSTDP jTHING 

COMMON .••• MftT/- EPSREL j MUREL » TftN j TflNMPG j S 1 6 

COMMON .'-WFlVEN-'- K 0 NTERMS j KXC <. £ 0 > » K YC < £ 0 > 5 Ki<S < £ 0 > > K YS C £ 0 

COMMON .--KEYS.-- ITBBi-IWfiV 

COMMON /PERE.-- I TYPE 

COMPLEX KXC5KYCjKXS>.KYS 

DfiTR PIjC/ 3.14l59£654i.£.9979£456ES.-- 

CfiLL DEF I NE <!>'' GRBPH j - > 

WRITE C95l00> 

1 0 0 FORMAT -V 1 :>=: !. !. 1 X j '• TfiEULPlT I ON OF EFF I C I ENC Y -• j. j 1 X j 

+ '■ BNGLE OF I NC I BENCE - » 5X » -' EFF I C I ENCY > 

300 CONTINUE 
Tl=EFFaWfiV>-*100 


£40 fiNGL=THETflM8 0.-^PI 
£50 WRITE t;9j£00) BNGLjTI 

I £60 WRITE <;1j£ 50> fiNGL^Tl 

£7 0 £ 0 0 FORMAT ( £X j E 1 £ . 5 i* 9X j E 1 £ . 5 ) 
£30 £50 FORMAT <£E11.4> 

: £90 THETfl=THETA+TH INC- 

300 IF THETA. LE.TH3TDP> GO TO 300 
; 310 CALL GRAF a WAV > 

: 3£G STOP 

; 330 END 


! 340 ♦ 

i 350 ♦ EFFICIENCY 
_360 ♦ 

I 170 FUNCTION EFF Cl WAV > 

( "380 COMMON .--GEO.-- L 5 WAVEL ALPHA jTHETA !.THSTOP jTHINC 
: 390 COMMON /WAVEN.-- KO jNTERMS jKXCC£0:* !.KYCC£0> jKXSC£ 0> nKY 
400 REAL LjKO 

; 410 COMPLEX KXC »KYC -.KXS jKYS 
i 4£0 COMPLEX CM .-SM .-ZMC jZMS .-GAMC jGAMS i 

430 DATA PIjETAO '•'3 . 14159£654 j376 .7304.-- 
' 440 K0=£^PI.^WAVEL 

450 IF C I WAV . EQ . 1 > Z 0=-ET A 0.--COS C THETA > 
i 460 IF CIWfiV.EQ.£> Z0=-ETA0^CDSC THETA > 
i 470 SUM1=0 

I 480 SUM£=0 r 1 

^ 490 T1=£^L^SINCALPHA> 

; 500 DO 100 M=1 !.NTERMS ' 

! 510 IF CIWflV.EQ.l> ZMC=-ETAO^KO..-KYCCM> 
i .5£0 IF CIWAV.EQ.£> ZMC=-ETAO^KYCCM>.-'KO 
; 530 IF CIWRV.EQ.1> ZMS=-ETR0^K0^-KYSCM> 

540 IF C IWIAV .EQ .£> ZMS=-ETRO^KYSCM> --KO 
; 550 IF CREALCZMO .GT.O.) ZMC=-ZMC 
' 560 IF CREALCZMS> .GT . 0.) ZMS=-ZMS 
^ 570 GAMC=CZ0-2MC::'.--CZ0+ZMC> 

; 580 GAMS=CZ0-ZMS>.--CZ0+ZMS> 

; 590 IF CIWflV.EQ.n T£=ABSCREALC1.--ZMC>> 
i 600 IF C I WAV .EQ .£> T£=AESCREALCZMC> > 

-410 T3=REALCKXCCM;:';:'^T1 

\ ..-.EO TC=CAESCCMCM> ::'^-»£^T£^Cl+SINCT3>.--T3> 
i 630 IF CIWAV.EQ.1> T£= AES C REAL C l.-ZMS> > 

: 640 IF CIWAV.EQ.£> T£=AESCREALCZMS> > 

I 650 T3=!REfiLCKXSCM;O^Tl 


0 


1 l/OE/76 


fi¥- 


NEWEC2 ♦♦♦ 


PAGE- £ 


660 
. -670 
1 ;iso 
690 
700 
71|0 
720 
730 
7-fO 
750 
' 760 

770 
780 
790 
I 800 
! 810 
320 
83 0 
■ s 40 

85 0 

86 0 
870 
880 
89 0 
9p0 
910 

. -920 
: ^ 930 
940 
95 0 
960 
^ 970 

980 
9'90 
1000 
1 0|1 0 
loko 

I 10|30 
i 10-40 
1050 

loko 
lopo 
; 1080 
1090 
1100 
1110 
' 1120 
1 lb 0 
! 1140 

; 1150 

1160 
i f”'^bo 

I "Tl|80 
i llj90 
12' 00 
1210 


TS=CABSt:SM';n> >^^£*T£^< l-SI^^<T3>.••••T3:;• 

SUMl=$Um+TC+TS 

SUM£=SUM£+TC♦CfiBS < GfiMC > ♦♦£+TS^CflBS < GAMS > ♦♦£ 

100 CDN-TIMUE 

EFF=CDS < THETA > ♦♦£♦< SUM 1 -SUM£ > .-SUM 1 

RETURN 

END 

FUNCTION CM<M> 

COMMON .-'•GEO.'- L j WAVEL > ALPHA j THETA »THSTDP j TH I NC 

COMMON .••-I..1 AVEN^- K 0 j NTERMS j K:=<:C C £ 0 > j K YC C £ 0 > » < £ 0 > 5 KVS C £ 0 > 

REAL Li-KO 

COMPLEX I yCM.-AjEl !.££ 

COMPLEX KXC»KYC!.KXS !.KVS 
DATA PI .••’3 c. 14159E654*'- 
A=K YC < M > <; £^L^COS < ALPHA > > 

ti=l^sinc;alpha';' 

T£=K0^S IN';; THETAS 
E1=T£+KXC';M> 

B£=T£-KXC'iM> 

T3=-Tl 

A=RERL':;A> 

B1=REAL'CB1> 

B£=REAL<E£> 

CM=>;; I ';;r .«E£ ?ti ;;'“I a ■•££ jT:3>+i a jEI » t i >— i a ? bi jT3;> 4^t i 

RETURN 

END 

FUNCTION SMCM;:- 

COMMON .-••GEO.-- L jUAVEL j ALPHA j THETA jTHSTOP jTH INC 

COMMON .--WAVEN--' KO jNTERMS jKXCC£0> -.KYC(£0> jKXSCEO) »KY$*:£0> 

REAL L!«K0 

COMPLEX I j;SM!.AjE1 jB£.'.J 
COMPLEX KXCjKYCjKXSjKYS ' 

DATA PI.'- 3.141.592654--- 
j=CMPLxc;o. jI 

A=KYS M C E^L^CDS <; ALPHA > ;j 
T1=L^;S UK ALPHAS 

T£=ko>sin'^theta;^ 
bi=T£+kx:S';;m;> * 

B£=T£-KXS<M> 

T3=-T1 

A=REAL':;A> 

ei=real<:bi> 

B£=REALCE£> 

sm=';:I';:a^e£jT1>-I(:a jB£!'T3>-I':;a !iBi jTU+ica jEI >T3>>---<j^4^ti 

RETURN 

END 

♦ ■ ' 

♦ INTEGRAL OF CEXP*;;~.J^<; A'^X>'^£+B^X> ;> 

♦ 

FUNCTION KAjEjX;' 

COMPLEX I !.A:.BjCSQRTjZ jJ jFRESNL 
DATA PI .■•-3.141592654.-- 
.J=CMPLX':; 0 . j 1 . 

2— C;SQRT ■£.-- P I ♦A ;> ■* < A'>X'+’ E--‘£ ) 

I =iCSQRT p I 1- £^A :> ♦cexp < .J♦E♦♦£.••- '- 4^A ■> ♦FRESNL (. z 
RETURN 
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'M 

I 


1££0 

1230 

S'250 

^£60 

i £70 

i£S0 

f £90 

1300 

isio 

i3£0 


EMD 

♦ 

♦ THIS SUERCUTIHE COMPUTES THE FRESMEL mTEGRPL F=C-J^:i 

♦ CnMPLE:«: fiRSUNEMTS 

♦ 

FUNCTION FRESNLCZZ> 

COMPLEK ZZ !• Z !. FRESNL j. J 5 SUM j TERM j CE>=:P j F 0 j Z 1 j »aI 
LOGICAL LI 

DATA PI /3.141592654.-' 

L 1 =REAL C ZZ > ♦A I MAG < ZZ > . 6T . 0 . 


1330 

IF CLl) Z= 

CDNJS<ZZ> 

i340 

JsCMPLXt 0 . 

y 1 • > 

1350 

IF •••CAES<Z 

'• .ST .£ .5> 

i960 

l.i,l=p I ♦Z^^2/ 

lav 

iS70 

N=0 


i330 

Tl = l 


iS90 

SUM=1“.J^W/ 

•Zf 


,4 


1400 100 CONTINUE ' 

1410 N=N+1 
1420 T1=-T1 
i430 MSTDP=2^N 
i440 Zl=l 

i450 DO £00 M=l!.MSTDP 
1460 Z1=Z1^W/M 
1470 £00 CONTINUE 
^,430 T£=£^N+1 

I 0 TERM=T 1 ♦£ 1 ♦ a < £^T£- 1 - J♦t..l.•'•T£/ < £^T£^ 1 > > 

1500 SUM=SUM+TERM 

1510 IF <: CAES < TERM .GE.l .E-3^CABS< SUM ::•> SO TO 100 

1520 FRESNL=Z^SUM 

1530 IF <;L1> FRESNL=C0NJG<; FRESNL 

1540 RETURN ■ 

1550 £50 CONTINUE 

1560 F0=< l-J>/£ 

1570 IF CAIMAGCZ:' .Slr.REAL<:Z>> F0=':;J-l>/£ 

1530 W=PI^Z^^£ 

1590 Tl=l 

1600 N=0 

1610 SUN=1/W-J 

16£0 300 CONTINUE 

1630 N=N+1 

1640 T1=-T1 

1650 Zl=l 

1660 MSTDP=£>N 

16? 0 no 400 M=1 -.MSTOP 

1680 Z1=Z1^<2^M-1)/W 

1690 400 CONTINUE 

1700 TERM=T1^Z1^<<4^N+1>.--I..i-.J> 

1710 SUM=SUM+TERM 


s 

1720 

I F CAES K TERM !> > GE . 1 . E~3^C AES 


|“173 0 

FRESNL=F 0-CEXP < - J^W/£ > < P I ♦£ 

ii 

l#40 

IF <L1> FRESNL=CDNJG<FRESNL> 


1750 

RETURN 

i! 

1760 

END 

o 

1770 

♦ 


r [ 


i 

FDR 
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1780 ♦ PLOT RESULTS 
1790 ♦ 

I TOO SULRDUTIHE 6 RfiF<;iWfiV> 
i 8 lO REAL LjMUREL 

1 820 COMMON ^-GEOx- L j WR VEL j RLPHR THETR j THSTOP > TH I NC 
1830 COMMON /MRT/ EPSREL jMUREL jTRN yTRNMRG jSIG 
1840 D I MENS I ON JS YM < 5 > » I N C 3 > 

1850 DRTR PI /3. 14 1592654/ 

I860 IN':;i>='GR'' 

1870 IN*::2>=-flP'’ 

1880 IH<3>=-H '■ 

1890 JSYM<1 > = '•♦•■• 

I'^OO JSYM< 2> = '•■ + ••■ 

1910 CRLL PSUE < JS YM j 1 j 1 1 N > 

1 92 0 UIR V=WRVEL.-- 1 . E-6 

1930 TfiPER=L/l .E-6 

1 94 0 RLPH=RLPHR^ 1 8 O-'P I 

1950 IF C I WR V . EQ . 1 WRITE <9j300> WRV 

I960 IF aWRV.EQ.2> WRITE <9!.400> WRV 

1970 WRITE <9!.500> TRPERjflLPHi.EPSRELjTRNjMURELjTRNMR 6 -.SIG 

1980 300 FORMAT C i:«: j// j 15X j -FIG . EFFICIENCY VS. ANGLE OF INCIDENCE-- j 

1990 +.••-/ j IX j-TE WRVEj WRVELENGTH= '• j 

2000 +FS.3j'' MICRONS-' ;• 

2 0 1 0 40 0 FORMAT C 1 X j /.••- j 1 5X j '' F I G . EFF I C I ENC Y VS . ANGLE OF I NC I DEr^CE '' j 

2020 +.'-.--j1Xj--TM WRVEj WRVELENGTH= - jT 
2 0 -3 0 + F 8 . 3 J ■- M I C R 0 N S -- ) 

;?040 500 FORMAT CIXj -'LENGTH OF TflPER= -'jFS.Sj' MICRONS-- j5X j 
'( ,J50 +''HRLF-RN6LE OF TRPER= 'jFS.Sj-- DEGREES-' j/ j IX j -'DIELECTRIC CDNSTRNT= 
'2 06 0 +F8 . 3 J 9X J -■ LOSS TRNGENT= - j F8 . 3 j / j 1 X j -' RELRT I VE '' j 
2 07 0 + •- PERMERE I L I TY= -' j F8 . 3 j 7X j -' LOSS TRNGENT= •' j FS . 3 j / j 1 X j 
. 2080 +--CONDIJCTIVITY= •'jF8.3j'’ MHOS/METER-' j. 

2090 RETURN 
2100 END 
2 IIO ♦ 

2^20 ♦ PLOT UP TO 5 FUNCTIONS ON TELETYPE 
2li30 ♦ 

2^40 SUBROUTINE PSUEC JSYM jM jNUNIT j IN!:- 

2150 D I MENS I ON X < 33 0 > j Y C 33 0 > j I DUM 33 0 > j I S YM 33 0 > j I N 3 > j JS YM < 5 > 

2ll60 ♦ 

2^70 ♦ JSYM=SYMBOLS TO EE USED FDR PLOTTING PDINTS 
2180 ♦ N=NUMEER OF FUNCTIONS TO BE PLOTTED 

2190 ♦ NUNIT=NUMEER OF THE FILE CONTAINING DRTR TO EE PLOTTED 
2200 ♦ IN=NRME OF FILE NUMBER "NUN IT" 

2210 ♦ 

2220 IE=0 

2230 CRLL DEFINE CNUNIT j IN!:' 

2240 IF <M .GT. 5> GO TO 130 
2250 IF CM .GT. 1 GO TO 90 
2260 DO SO 1=1 j330 

2270 IF aEDFCNUNIT::- .EQ. 1 60 TO 120 
2280 IF CIE.EQ.i::- READ CNUNIT*;- X<I>jY<I> 

1^90 IF aE.EQ.O::- RERD^.NUNIT j200> XC I j Y CI :;■ 

'^^400 SO ISYMa;'=JSYMa;' 

2310 GO TO 120 
2320 90 12=0 
2330 100 1=12+1 
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£340 IF <IEOF<HUHIT> .EQ. l> GD TD 1£0 
£350 11=1+1 
J60 I£=I+M“1 

S:37 0 IF •••; I B . EQ . 1 :■ RERD C NUN I T > C I > j C Y < J > j J= I j I £ > 

238 0 IF < I E . EQ . 0 ;> RERD < NUN I T j £ 0 0 > K C I > j t! Y < J > J= I j I£ > 

£390 ISYMa>=JSYMa::' 

£400 K=1 

2410 DO 110 J=IlyI£ 

£4£0 

£430 K=K+1 

£440 110 ISYM<J>=JSYM<K> 

£450 IF Cl .LT. 33 0 ;j 60 TO 100 
£48o 1£0 N=I-1 
£470 WRITEC9j1£5>N 

£480 1£5 FORMRTC.- !«''TDTfiL NUMBER OF POINTS PLOTTED = ' I3> 

£490 CRLL PLOT C X j Y j N j I SYM I DUN> 

£500 RETURN 

£510 130 WRITEC9>140;:' 

£520 140 FORMRTC''MRX. NUMBER OF CURVES = 5^> 

£530 £00 F0RMRTC6E1 1 .6> 

£540 £10 FORMRTC - SYMBOLIC FILE READ STATEMENT IS 6E11.6-‘> 

£550 END 

£56 0 SUEROUT I NE PLOT C X .» Y j N j I SYM j I DUMMY > 

£57 0 D I MENS I ON X C N > j. Y < N > 1. 1 S YM C N > I DUMMY C N > 

£580 NYDIV=7 
£590 ICODE=0 
|-].00 YTOP=0.0 
lilO YEOT=0.0 
£6£ 0 XR I GHT = 0 . 0 
£630 XLEFT=0.0 
£640 ITIE=1H. 

£65 0 CALL PLOTF C X j Y j N j NYD I V j I CODE YTOP . YBOT j XLEFT j XR I GHT j I SYM-i^ . 
£660 + IT IE .t IDUMMY 
£670 RETURN 
2680 END 

£690 SUBROUTINE PLDTFCX jY jN jNYDIV y ICODE y YTOP yYBOT yXLEFT yXRIGHT y I^ 
£700 + ITIEylDLlMMY!) 

27 1 0 D I MENS I ON I XPLDT C 7 0 y I SYM C N y I DUMMY C N > y X C N y Y C N > 

£7£0 DATA NBLRNK .--IH .•- yXL .-7 0 yNXDI V .'-7.>- 
£730 l.iJRITEC9 y500!> 

£740 N1=NYDIV+10+1 
£750 YL=N1-1 

2760 IF CICDDE.EQ.l) GO TO 10 

£770 CALL SCRL I T C X y Y y N y N y 1 y 0 y XL y NXD I V y YL y NYD I V y XLEFT y XSCALE y DX y 
£780 + YEOTyYSCALEyDY) 

£790 XRIGHT=XLEFT+7.0+DX 

£8 0 0 YTDP=YBOT+FLORT C N YD IV > +D Y 

£810 60 TO £0 

£S£0 10 DX=CXRIGHT— XLEFT !:> •'-7 . - 

£830 DY=CYTOP-YBOT>.--FLDRTCNYrUV> 

£840 XSCALE=70..--CXRIGHT-XLEFT> 
r"T50 YSCRLE=YL.--CYTDP-YEOT> 

'L860 £0 TERMX=1 .5-XSCRLE+XLEFT 
£870 TERMY=YSCALE+YTDP+1 .5 

£880 WRITEC9y540> YTOP yYBOT yDYyXLEFT yXRIGHT yDX 
£890 I..JRITEC9y510;:' 
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£900 
£910 
"^£0 
'-1^30 
£9^0 
£950 
£96 0 
£970 
£980 
£990 
3000 
3010 
30£0 
3030 
3040 
3050 
3060 
3070 
3080 
3 09 0 
3100 
3110 
31£0 
3130 
3140 
3150 
3160 
^ |70 
3'ISO 
3190 
3£00 
3£l0 
3££0 
3£30 
3£40 
3£50 
3£6 0 

•T'O*? ri 

3£S0 
3£90 
3300 
3310 
3320 
3'i>8 0 
3340 
3350 
3360 

337 0 

338 0 
3390 
3400 

fMO 

h.4c;u 

3430 

3440 

3450 


CALL SORTN < Y M j I DUMMY > 

K=10 

J=M 

jj=iDur'iMY(:j> 

I YPLOT= I NT ( TERM Y- YSCfiLE^Y JJ > > 

1 = 0 

30 1=1+1 

IF a.GT.Nl> GD TO 140 

K=K+1 

MFiRK=lH+ 

IF CK.LT.IO;;- GO TO 5 0 
K= 0 

MflRK=lH- 

50 IF CJ.LT.O;:- 60 TO 85 
DO 6 0 L=1j7 0 

60 i:«:PLOT<L>=NELftNK 
MFlX=0 

70 IF aYPLDT-I> 130. -100. -SO 
8S IF tMfiX.NE.0> GO TO 90 
85 WRITEc:9j 5£0> MfiRK 
GO TO 30 

9 0 I...IR I TE < 9 !- 53 0 ;> MARK j I XPLOT < L !:• - L= 1 j Mfi:«: 

IF CJ.EQ.O;:* J=-l 
GO TO 30 

1 00 IJ=INT':;TERM:«;+XSCfiLE+X':; Jj;:- > 

IF aJ.LT.l;- GO TO 1£0 

IF (IJ.GTo70!-'' GO TO 1£0 

IF a.j.GT.MA:K::' M fi :=•:;= I. j 

IF <1 XPLOT C IJ > . NE . NELflNK > GO TO 110 

I XPLOT < IJ > = I S YM < JJ Y 

bO TO 130 

no i:KPLOTaj;;'=iTiE 
GO TO 130 

1£0 IF CJ.GT.i:-' GO TO 130 
J=-l 

60 TO SO 
130 J=J-1 

IF CJ.LT.l) GO TO 80 
JJ=inUMMY< J> 

I YPLDT= I NT TERM Y-YSGRLE+Y <; J J ;:• > 

GO TO 70 

140 l...iRITE<:9!.510::' 

WRITEciS.-SOO;;' 

RETURN 

•500 FORMAT C-Y-' 

5 1 0 FORMAT C £H+ '■ ? 7 C 9 C 1 H+ > n H '' > 

5£0 FORMATCAi::- 

530 FORMATC70A1::' 

54 0 FORMAT 1 SHAX I S 1 NFDRMAT I ON : j •••• .- 3J< 5 1 OH VERT I CAL t - 
+ 1-3H TOP ( — !.■' = .-Gl 0 i3 14H .- 12HEDTT0M (~y = .-Gl 0 .3 14i 

+ 13H INCREMENT = jGI 0 .3 j.-- jSK j£ 5HH0RI2DNTAL : LEFT C •- ) = 
+ j 1 4X .’ 1 -3HR I GHT ( ■' !•' — j 6 1 0 » 3 j j 1 4/^ > 1 3H I NCREMEN'l = .- G 1 0 
END 

SUERDUT I NE SCAL I T C X' .- V , N j ND I M j NCR VES ? I CODE - XLONG j NKD I V , 

+ YLONG j NYD I V j XEOT j XSC ALE j DX j YEOT j YSC ALE > DY 
DIMENSION x<N> i-ycn:;- 


>61 
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3460 

3470 

^ f-3b 

’:34'?i;i 

3500 

3510 

3520 

3530 

3540 

3550 

3560 

358|0 
359|0 
3600 
361:0 
3620 
363 iJ 
3640 
3650 
366j0 
3670 
3680 

369.0 

370.0 
3710 
•^7£0 

\ 130 
37^0 
3750 
3760 
3 (' f'l 0 
378 0 
3?90 
3800 
3810 
3820 
3830 
384 0 
3850 
386 0 
3870 
388 0 
3890 
3900 
3910 
3920 
3930 
3940 
3950 
3960 

i k ii; 

V98 0 

1 3990 
rJ4000 

'4010 


L=1 

fiMIH=Xa> 

DO 5 1=1 jN 

IF .ET.FiMFiJO RMRX=>=:<i;> 

IF :k c: i > . lt . rm i n > rm im=x i > 

5 CONTINUE 

:kylong=:^:loN6 

IF aC0DE.EQ.-l> GO TO 65 
IF aC0DE.EQ.-3> GO TO 65 

xyn=n:kdiv 

NXYN=NMDIV 

10 IF aC0DE.NE.2> GO TO 20 

IF cflMR:«:.LT.o.o> rnr:=:;=o.o 

IF <RNIN.GT.0.0> RMIN=0.0 

2 0 SPRERD= < RMRX-RM I N > X YN 

IF <SPRERD.LE.0.0> GO TO 150 

25 R=RLOG 1 0 C SPRERD 

I=R 

RR=I 

RR=R-Rfi 

IF <:RR.LE.0.0> RR=RR+1 . 
R=10.*-^RR 

IF 'CR.GT.2.) GO TO 30 

RR=2..--R 

GO TO 40 

30 IF Cfl.GT.5.!:' GO TO 35 

RR=5..--R 

GO TO 40 

35 Rfl=10..--R 

40 SPRERD=SPREflD^RR 

R=RM IN.'- SPRERD 

I=R 

RR=I 

RR=fi-RR 

IF Cflfi.LE.O.O) RR=RR+1., 

RR=Rfi^SPRERD 

R= fiMR:>=:-RM I N+RR> .'-XYN 

IF Cfi.LE. SPRERD > GO TO 45 

SPRERD=R 

GO TO 25 

45 YEnT=HMIN-Rfi 

SPRCEL=RMIN-YBOT 

sPfiCER=YBOT+ < :«:yn^sprerd > -rmr:« 

NL=$PRCEL''SPRERD 

NR=SPRCER..''SPREflD 

move=-;;nr-nl>'--2 

YEDT=YBOT-FLDRT C MOVE > ♦SPRERD 
YSCRLE=:KYLDN6'- C SPRERD^J< YN > 
DY=SPRERD 
GO TO (;50»100>j L 
50 XEOT=YEOT 
>:3CfiLE=YSCRLE 
DX=DY 
55 L=2 
RMfiX=Y'::i> 





♦♦♦ 


HEWEC£ 


♦♦♦ 


1 1.-- 02/76 


PfiGE— S 


4020 

AMIN=Y<1> 


A030 

DO 

60 J=1jNCRVES 


^^J40 

11 = 

= 1 + <.J-1>^NDIM 


4050 

IN- 

= I1-^N-1 


4060 

DO 

60 1=11 j IN 


4070 

IF 

< Y <I . GT AN A>:: > AM AK= Y < I > 

4080 

IF 

<Y<I> .LT.ANIN> AMIN=Y<I> 

4090 

60 

CONTINUE 


4100 

XYLDNG=YLONG 


4110 

IF 

< I CODE . EQ . —2 > 60 

TO 65 

4120 

IF 

<ICDDE.EQ.-3> GO 

TO 65 

4130 

:«:yn=nydiv 


4140 

n:='<yn=nydiv 


4150 

GO 

TO 10 


4160 

65 

I=AMAX 


4170 

IF 

CAMAX.GT.O. 0> GO 

TO 70 

4180 

GO 

TO 75 


4190 

7 0 

A= I 


42 60 

IF 

<ana;k.gt.a> 1=1+1 


4210 

1*’ 5 

n:kyn=anin 


4220 

IF 

<AMIN.LT.O.O> GO 

TO SO 

423 0 

GO 

TO S5 


4240 

SO 

A=NY,YN 


42.50 

IF 

<AMIN.LT.A> nNyN= 

=NXYN-1 

4260 

S5 

ybdt=n>::yn 


4270 

N>=:‘ 

vn=i-n:kyn 



■ “=80 
'</2'50 
4300 
4310 
4320 
'4330 
4340 
4^.50 


SPREflD=N:«:VN 

mvdiv=n:kyn 

YSCPLE=.v-:YLDH6/SPREfiri 
GD TO <90 !• 1 00> j L 
90 XEOT=YEOT | 
HSCfiLE=YSCfiLE i 
DX=DY 

m::=:div=nydiv 


GO TO 55 
4370 100 RETURM 
4330 150 WRITE<9j1000> 

4390 RETURN 

4400 1000 FORMAT </.<.••■ THE FUNCTION APPEARS TO BE A CONSTANT 
4410 ENE 

4420 SUEROUTINE SDRTNCX jN jNUM> 

4430 DIMENSION NUMCN.'- !.X<N> 

4440 DO 10 1=1. -N 
4450 10 NUM<I>=I 
4460 M=N 
4470 45 M=M/2 
4430 IF CM.LE.O;:' GO TO 90 
4490 K=N-M 
4500 ED 80 1=1 jK 
4510 J=I 
4520 60 L=J+M 
NL=NUM<L> 

N.J=NUM<.J> 

ifo:<nl;>.gTjx<nj>> GO to so 

NUM<.J>=NL 
NUM<L>=N.J 


♦♦♦ NEWEC2 ♦♦♦ 


PRGE- 


1 1.--02..-76 


45S0 J=J-M 

4590 IF CJ.t3E.l> GO TO 60 
;'i'00 SO CONTINUE 
’^tjolO GO TO 45 
4I620 9 0 RETURN 
4|630 END 

4|640 FUNCTION I REPLY CD;* 

4l650 REfiD C9 jS::' IFINS 

466 0 I F I RHS . EQ . 1 H Y > GDTDE 

4670 IFUfiNS.EQ.lH ;:-GOTD£ 

46S 0 I F < I fiNS . EQ . 1 HO > GOTOS 

*^69 0 I F a FINS . EQ . 1 HT > GDT02 

4700 IREPLY=0 

4710 RETURN 

47£0 £ IREPLY=1 

4730 RETURN 

4740 3 FORMfiTCfll) 

4750 END 


